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ORIGINAL ARTICLES 

CARCINOMA OF THE LUNG* 

By Adrian Lambert, M.D., F.A.C.S. 

ASSOCIATE attending PHYSICIAN 
NEW YOHK, NEW YOBK 

(From the Department o£ Surgery, Columbia University, and the Chest Surgical Division, 

Bellevue Hospital) 


Since the first pneumonectomy for 
carcinoma of • the lung was successfully 
performed by Graham in 1933, more and 
more importance has been placed on early 
diagnosis of that condition. As its medi- 
cal treatment has nothing to offer, and as 
irradiation therapy is utilized only as a 
palliative procedure, surgery remains the 
only means by which the disease can be 
eradicated and a cure effected. 

An analysis of the cases of carcinoma 
of the lung that have come to operation 
on the Chest Division of Belle^'ue Hospital 
between 1939 and February 1946 has, 
therefore, been made to help the physician 
evaluate this disease more correctly. 

This series of 70 consecutive cases of 
carcinoma that have been explored surgi- 
cally for removal composes 20% of all 
cases of carcinoma of the lung that were 
seen on the Chest Division during this 
time. The other 279 cases that did not 
come to operation w’^ere considered to have 
passed the stage of operability at the time 
that the diagnosis was made or suspected, 
with the exception of a few that refused 
operation. Of the 279 cases that were 
inoperable, 150 were proved by pathologic 
examination, 129 were suspected of ha^^ng 
carcinoma. Of the 279 patients not com- 

* Expenses for this study were partl\' defrayed by 
tion, Inc. 
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ing to operation, 91 (32.6%) died in the 
hospital. In 23% the diagnosis was not 
proved by pathologic section, as autopsy 
was refused. Therefore, of 349 cases 
of carcinoma of the lung approximately 
80% had failed to have their diagnosis 
made by physicians at a time when the 
disease was sufficiently localized to remove. 
Of the 20 % that were explored, 25 cases 
were resectable, an operability of only 
7.2% of the 349 patients on whom the 
diagnosis was made. The importance of 
early diagnosis is therefore obvious. 

The 70 cases that came to operation 
included all cases in which it was felt 
that a reasonable chance of success for 
resection of the carcinoma existed. In 
cases in which the resectability was ques- 
tionable, the benefit of the doubt ivas 
given the patient and he was explored. 
Cases in which cerebral, liver or extensive 
bone or lymph gland metastasis had 
already occurred were not explored. Pa- 
tients that were moribund or semi-coma- 
tose were also not considered candidates 
for exploration. The presence of pulmon- 
ary suppuration, lung abscess and em- 
pyema, however, did not predicate against 
removal of a malignant process, although 

a grant from the ^larj’ Robinson Lambert Founda- 
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the prognosis of such cases was less 
favorable. 

In the last 10 years, because of the 
tremendous strides that have been made 
in anesthesia, the hazards of pulmonary 
resection have been markedly decreased. 
Routine employment of a closed intra- 
tracheal system enables the surgeon to 
operate deliberately and without the fear 
that the patient may not survive because 
of the difficulty in breathing in the pres- 
ence of an open chest. In addition to 
this, the training of anesthetists in the 
importance of frequent suction during 
operation and close cooperation between 
the anesthetist and the surgeon in evalu- 
ating the patient’s condition have per- 
mitted the surgeon to complete liis opera- 
tion and keep his patient in the best 
possible condition. 

As a result of the operative experience 
on the Chest Division, the attitude is 
tending more and more toward early ex- 
ploration of cases with only suggestive 
Roentgen ray findings and with possibly 
no other evidence of disease. It is only 
by careful appreciation and correct evalua- 
tion of the importance of negative evi- 
dence, such as negative history and nega- 
tive bronchoscopic examination, that early 
carcinoma will be diagnosed at a time 
when the patient can be cured of his 
disease. 

Bronchoscopy was performed on these 
patients on the Chest Service by the resi- 
dent staff under the direction of Drs. 
Keman, Cracovaner and Wolcott. This 
is part of the Chest Sirngical Division and 
its importance in treatment and diagnosis 
cannot be overestimated. This series 
represents all those cases operated on by 
S surgeons on the Division. 

Clinical Data. Operation. The series 
represents a total of 70 cases that were 
explored for resection of carcinoma of the 
lung, 25 of which were resectable and 45 
of which were non-resectable. Of the re- 
sected cases, pneumonectomy was per- 
formed in 20 of 25 cases (80%); lobectomy 
was utilized in the remaining 20%; 16 of 


the 25 cases of resection were on the right 
side and 9 on the left side; 27 of the non- 
resectable cases were on the right side and 
18 on the left. 

Sex. As in other reported series, the 
predominance in males is striking. Of the 
70 patients explored, 68 (97.1%) were 
men. Of these, 61 were white, 4 were 
colored, 2 were Chinese and 1 was Turkish. 

Age. The average age of patients ex- 
plored was 52.8 years, the resectable cases 
being approximately the same age as the 
non-resectable. Age in itself was not 
considered a contraindication to explora- 
tion. The oldest patient explored was 
70 years of age and had a non-resectable 
carcinoma. One patient, aged 66, how- 
ever, proved resectable. The youngest 
patient who underwent resection for his 
carcinoma was 37. These data bear out 
the fact that this disease affects a certain 
percentage of patients under 40 years of 
age. Likem’se, as 64 % of resectable cases 
occurred between 50 and 70 years of age, 
the popular conception that pulmonary 
resection is contraindicated in the older 
age groups is not substantiated. 

Stay in Hospital. The average stay 
of all patients in the hospital from time of 
admission to discharge was 87 days. The 
average period from admission to colora- 
tion was 40 days, being 41 days m the 
resectable cases and 37 days in the non- 
resectable. During this time, the patients, 
if possible, had their diagnosis established 
with biopsy at bronchoscopy. Frequently, 
exploration was made where biopsy yas 
negative and bronchoscopy was suggestive. 

A rigid or narrowed bronchus or an angu* 
lated bronchus was considered suggestive 
evidence in those cases in which biopsy 
was not obtainable. An attempt was made 
in all cases to diminish the sputam as 
much as possible before exploration, m 
view of the stormy postoperative course 
that so frequently characterizes a case 
with a large amount of sputum. Courses 
of sulfadiazine and penicillin, and occa- 
sionally oxygen therapy administered by 
high concentration oxygen mask, were 
adjuvants in reducing the amount of 
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sputum and in affecting its anaerobic 
flora, thus converting its character from 
foul to non-foul variety. 

Because of the importance of early 
diagnosis for early exploration, it is of 
interest to consider the cause for delay in 
9 patients of the 70 that were explored. 
These patients were kept in the hospital 
on an average of 96 days before explora- 
tion. Five of the 9 cases were resected 
and 4 were non-resectable. Of the 9 cases, 
6 had negative bronchoscopic findings on 
the first examination. In 3 of the 6 cases 
diagnosis was delayed until bronchoscopy 
was performed a second time, yielding a 
positive biopsy. In these 3, because of 
failure to make an early diagnosis, the 
tumors were allowed to progress until 
they were visible by the bronchoscope. 

The extent that the tumors progressed 
outside the bronchus during the 6 week 
interval between bronchoscopies cannot 
be determined. It is known, however, 
that at operation 1 of these cases had 
advanced into the mediastinum sufiiciently 
far to prevent its being resected. The 
other 2 were successfully resected, but 
that extension might have occurred in 
the interval is suggested by the fact that 
1 developed recurrent nodes in the neck 
3 years after operation and the other died 
of the continued extension of his disease 
8 months after resection. In neither of 
the latter 2 cases had any extension of the 
disease been appreciated at operation. Of 
the 3 cases wth positive or suggestive 
bronchoscopic findings, 1 was psychotic on 
arrival which delayed his study; 1 had 
Type III pneumococcus pneumonia on 
admission which masked the diagnosis; 
and the third had poor pulmonary func- 
tion, low pulmonary reserve and an old 
posterior infarct of the heart, all of which 
required evaluation before subjecting him 
to pneumonectom 3 \ The latter case 
proved resectable. In 6 of the 9 cases no 
wheeze was detected, which, when present, 
so frequently suggests the diagnosis. Tliis 
emphasizes the importance of not depend- 
ing on the presence of a wheeze for diag- 
nosis or waiting until it develops before 


advising exploration. Of the 4 non-re- 
sectable cases, there was delay in 1 by 
reason of preoperative irradiation therapy. 
Another of the 4 was in the hospital 5| 
months before exploration; the first bron- 
choscopy yielded a negative biopsy and 
3 thoracotomies for empyema preceded 
the exploration. 

Earlier diagnosis would have brought all 
9 patients to an earlier exploratory opera- 
tion, and in ease of the 4 non-resectable 
tumors there is a possibility that obviating 
the delay would have allowed the surgeon 
to remove the tumor. 

During the 7 year period of this study 
(1939 to February 1946), the cases have 
been fairly evenly divided over the years. 
The record of resectability is a little better 
in the recent years : there were 14 resect- 
able and 32 non-resectable cases in 1939 
to 1943 inclusive, and 11 resectable and 
13 non-resectable cases since then. 

Symptoms. The 70 cases undergoing 
exploration were analyzed according to 
the symptoms which they had on admis- 
sion to the hospital (Table 1). Compari- 
son of the symptomatology in those cases 
which were resectable and those which 
were non-resectable shows how little help 
the symptoms give in evaluating the re- 
sectability of carcinoma of the lung. Hem- 
optysis and wheeze were less frequent in 
resectable tumors than those which were 
non-resectable. Almost half of the cases, 
however, without wheeze proved inoper- 
able at operation so that too much empha- 
sis cannot be put upon this sjrmptom. 

The duration of symptoms before ad- 
mission to the hospital again has been 
estimated according to the resectable and 
non-resectable cases, those undergoing re- 
section averaging 9 months, 10 days, and 
those undergoing exploration only aver- 
aging 7 months, 7 days. That this indi- 
cates that the type of tumor is slower 
growing in the resectable type is open to 
question. 

In evaluating the sputum of the cases 
at admission, the difference again was not 
appreciable between the cases that were 
resectable and those that were non-resect- 
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able. Ten (50%) of the resectable cases 
had over 6 ounces of sputum daily and 
14 (66%) of the non-resectable cases had 
as much as 4 ounces of daily sputum. 
As a criterion of resectability, therefore, 
the presence or absence of sputum is of 
little value. 


tumor is centrally located and intrabron- 
chially wsible. But a negative broncho- 
scopic examination calls for exploration if 
the tumor by Roentgen ray is peripherally 
located or in the upper lobes. 

The symptoms of all cases has been 
classified according to whether broncho- 


TabI/E 1. Incidence of Symptoms in Resectabee and Non-kbsectable Lung Cancers 

Coming to Operation 


No. cases 

Resectable .... 25 
Non-reseotable ... 45 
Total — all cases explored 70 


Cough 

Blood 

Pain 

23 

12 

15 

(92%) 

(48%) 

(60%) 

41 

36 

34 

(91.1%) 

(80%) 

(75.6%) 

64 

48 

49 

(91 .4%) 

f68.6%) 

(70%) 


Wheeze 

Lom of 

Av. weight 

weight 

loss, lbs. 

6 

18 

26.7 

(24%) 

(72%) 


23 

33 

22.6 

(51.1%) 

(73.3%) 


29 

51 

24.2 

(41 .4%) 

(72.9%) 



Table 2. — Symptoms in Relation to Bronchoscopic Biopsy' Findings 


Biopsy 

No. and 
%o{ 

Av. duration 


findings 

cases 

of symptoms 

Cough 

Positive . 

36 

8 mos. 

34 

Suggestive 

(57.1%) 

28 days 

(94.4%) 

11 

7 mos. 

10 

Negative . 

(17.5%) 

22 days 

(90.9%) 

16 

5 mos. 

14 


(25.4%) 

25 days 

(87.5%) 


Bhonchoscopt. As a positive diagno- 
sis of carcinoma is made by biopsy at 
bronchoscopy, the importance of bron- 
choscopic examination is paramount as a 
single diagnostic procedure. Of the 63 
cases in this series bronchoscoped at 
Bellevue, 36 (57.1 %) had a positive biopsJ^ 
Suggestive bronchoscopic findings were 
present in 11 (17.5%); in 16 (25.4%) 
bronchoscopy was completely negative. 

Of the 16 cases vuth completely nega- 
tive bronehoscopy, 7 (44%) were resect- 
able. Of the 36 cases with positive biopsy, 
13 (36%) were resectable. Of the 11 cases 
with suggestive bronchoscopy but without 
positive biopsy only 2 (18%) were resect- 
able. This emphasizes the importance of 
evaluating negative bronchoscopic exam- 
ination in the presence of positive Roent- 
gen ray findings. Obvdously the resect- 
ability of carcinoma of the lung depends 
on early ex'ploration of cases with sug- 
gestive Roentgen ray changes, even though 
bronchoscopic findings are negative. 

Bronchoscopy is very helpful if the 


Type and incidence of symptoms 


Blood 

Pain 

Wheeze 

Loss of 
weight 

Sputum 

25 

25 

15 

30 

26 

(69.4%) 

10 

(69,4%) 

9 

(41,6%) 

6 

6 

7 

(90.9%) 

9 

(81.7%) 

11 

(54.5%) 

6 

10 

10 

(56 3%) 

(68.8%) 

(37.5%) 




scopic biopsy findings were positive, sug- 
gestive or completely negative. A study 
of Table 2 shows that patients with posi- 
tive biopsy findings had had symptoms on 
an average of 3 months earlier than in 
those with negative findings. 

Of the 63 cases bronchoscoped at 
BelleYue Hospital, the average time from 
admission to exploration was 39.6 days. 
These cases have again been divided into 
those that underwent a single bronchos- 
copy and those cases that required 2 and 
3 bronchoscopies before coming to opera- 
tion. An analysis of these cases shows 
that those in which it was found necessary 
to bronchoscope twice undervunt a much 
longer period from the time of admission 
to the time of operation than those ivhich 
had only required 1 bronchoscopy. In 
the cases in which bronchoscopy was 
negative on the first examination the 
duration before operation was obviously 
the longest. Negative bronchoscopic find- 
ings deserve little consideration if the 
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diagnosis is suspected for other reasons, 
especially Roentgen ray findings. 

In Table 3, the patients coming to 
operation have been classified according 
to bronchoscopic findings, operative pro- 
cedure and side of lesions. A higher inci- 
dence of right-sided lesions was present, 
approximately the same percentage of 
those resectable being on the left side 
as on the right. Lobectomies were per- 
formed only in those cases having com- 
pletely negative bronchoscopic findings. 
In 1 case in which upper lobectomy was 
performed the blood supply to the lower 
lobe was embarrassed, which resulted in 
poor function postoperatively and was 


plemented with ether in 5; and gas, o.xygen 
and ether in 4. 

The average operating time on all cases 
was 2 hours, 8 minutes; anesthesia time 
was 2 hours, 39 minutes. The average 
operating time in resectable cases was 
3 hours, 25 minutes, and in the explora- 
tory thoracotomies without resection 1 
hour, 26 minutes. The anesthesia time was 
correspondingly longer in both groups. 

In the operative repair of the stump in 
the resected cases silk was used in most 
cases, with individual ligation and silk 
technique in 80 % of cases. 

Postoperative Complications. Of the 
70 patients explored, 5 died witlfin 2 days 


Table 3.— Classification of Patients According to Bronchoscopic Findings and 

Operative Procedures 




Exploratory 





Av. preop- 



thoracotomy 

P neum one ct omy 

Lobectomy 

erative time 



^ 


/ 


„ — ^ 



in hospital 


Total 

Right 

Left 

Right 

Left 

RUL 

LUL 

(days) 

Bronchosooped once: 









Positive biopsy 

. 27 

14 

6 

6 

1 

, , 

, , 

34.8 

Suggestive bronchoscopy, negative biopsy 

. 10 

6 

3 

1 

1 

. , 

. , 

35.0 

Negative bronchoscopy 

. 11 

3 

3 

1 



2 

30.0 

Bronohoscoped twice; 









1st negative, 2nd positive biopsy . 

. 4 

1 


2 

1 

. , 

, , 

104.0 

1st negative, 2nd negative 

. 5 

2 

1 

1 


1 

, . 

50.2 

1st suggestive, 2nd positive biopsy 

. 4 


2 

1 

1 

, . 

, , 

34.0 

Bronchoscoped 3 times: 









1st negative, 2nd suggestive, 3rd suggestive 

1 


1 



. . 

. , 

58.0 

1st suggestive, 2nd suggestive, 3rd positive 

1 




1 


•• 

38.0 

Totals 

. 63 

25 

10 

12 

5 

3 

2 

30.6 


attended by failure of complete reexpan- 
sion. Whether lobectomy is justifiable 
for carcinoma or not is debatable. It is 
the consensus that if a patient has a carci- 
noma and can stand the loss of pulmonary 
parenchyma, pneumonectomy is prefer- 
able to lobectomy. If, however, the dis- 
ease is well localized to 1 lobe of the lung 
with completely negative hilar glands, 
lobectomy may be the operation of choice. 

Operative Data. The total number 
of cases explored was 70, of which 25 were 
resectable and 45 non-resectable. Pneu- 
monectomy was employed in 20 cases 
(80%) and lobectomy in 5 (20%). 

The operative approach was anterior in 
47 (67.1%), posterolateral in 17 (24.3%) 
and lateral in 6 (8.6%). In the resectable 
cases the anterior approach was used in 
1“ (68%), the posterior in 8 (32%). 

The anesthetic agent used in 64 case^ 
was cyclopropane in 55; cyclopropane sup- 


follomng operation. In 60 of the remain- 
ing 65, the wound healed by primary 
union, an incidence of 92.3%; 3 (4.6%) had 
serious wound infections; 1 had a mild 
wound infection and 1 a previously un- 
diagnosed abscess which was drained fol- 
lovdng exploratory thoracotomy for resec- 
tion. Of the resected cases, 95.5 % healed 
by primary union. There were 1 serious 
infection and 3 deaths vdthin 2 days fol- 
lowing operation. Pleural infection devel- 
oped in 9 of the resected cases, or 41% 
of all cases sur\'iM'ng the first 2 days. 
Bronchopleural fistulas developed in 4 of 
the resected cases (18%); in 77% fistula 
did not develop; in 5 % it was questionable. 
The total percentage of pleural infections 
in resected and non-resected cases was 
21.5. 

Collapse of the chest wall by thoraco- 
plasy was performed in 4 of the resected 
cases. One patient was successfully oper- 
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ated upon 7 months after pneumonectomy 
for relief of symptoms due to mediastinal 
shift. In the other 3 cases operation was 
performed for infection to obliterate the 
residual space 31 months, 6 months, and 
2 years, respectively, after resection. 
Eight of the 25 resection cases undens'ent 
thoracotomy, either at the time of opera- 
tion or during the postoperative course. 
In 1 patient dj'spnea developed after an 
interval during which there developed a 
thickening of the parietal pleura sufficient 
to prevent collapse by thoracoplasty. In 
this case oil was used to stabilize the 
mediastinum. The choice of cases for 
collapse was based on symptoms and on 
the patient’s ability to Avithstand addi- 


on section completely different types of 
tumor, although gland formation Avas 
predominant. This case was inoperable 
and is included in the non-resectable 
group. 

In the total group of 70 cases, 10 had 
insufScient evidence for complete patho- 
logic classification. These were all in the 
inoperable group and represent cases in 
which specimens for biopsy were not taken 
at operation or where adequate tissue 
reports were not available. Because of 
these 10 cases that could not be classified, 
the percentage of individual tumor groups 
that were resectable is incomplete. Hoav- 
ever, it is of interest that 75 % of knoAvn 
adenocarcinomas were resectable, Avhereas 


Table 4. — Analysis of Operability in Relation to Type or Tumor 


Total No. 
and % of 

Type . cases 

Adenocarcinoma 8 (11 .4%) 

Squamous cell . . . . . 2S (40 . 0%) 

Undifferentiated cell 23 (32.9%) 

Adenocarcinoma and squamous . 1(1.4%) 

Insufficient eiddence to classify . 10(14.3%) 

Total 70 


No. and % Type 

. • . resectable 

Resectable Non-resectable (%) 

6(24%) 2(4 4%) 75. 0 

11(44%) 17(37.8%) 39 3 

8(32%) 15 (33 3%) 34.8 

1(2-2%) 0 
10 ( 22 . 2 %) 


25 45 


Table 5. — Correlation op Symptoms With Type op Tumor 


Type 

.Average duration 
before admission 

Cough 

(%) 

.Wenocarcinoma . 

S mos. 23 days 

66.6 

Squamous celt 

9 mos. 3 days 

92.9 

Undifferentiated cell . 

6 mos. 2 days 

91.3 


tional surgery. In general, it is felt that 
if thoracoplasty is to be performed it 
should be done at an early date before 
pleural tbiclung has deA'eloped. 

Pathologic Findings. In Table 4 are 
listed the types of tumor found and their 
several records of operability. . The squa- 
mous A'ariety composes the most frequent 
carcinoma encountered, comprising 44% 
of resected and 37.8% of non-resectable 
tumors. The undifferentiated tumors 
compose 32 % of the resectable and 33.3 % 
of the non-resectable groups; whereas 
adenocarcinoma was encountered in 24% 
of resected tumors and only 4.4% of the 
non-resected tumors. In 1 case elements 
of both adenocarcinoma and squamous 
cell carcinoma were present, suggesting 


Loss of 


Bleeding 

Pain 

AVbecze 

wei^t 

Sputum 

(%) 

(%) 

(%) 

(%) 

(%) 

33.3 

66.6 

55.6 

77.8 

55.6 

89.3 

89.3 

32 1 

82.1 

82.1 

73,9 

65.2 

52.2 

73.9 

65.2 


only 39.3% of squamous and 34.8% of 
undifferentiated tumors were removable. 

In Table 5 the symptoms hai^e been 
arranged according to the nature of the 
tumor. The case containing both glandu- 
lar and squamous cells has been listed 
Avith the adenocarcinomas to which it pre- 
dominantly belongs. Cough and bleeding 
are much commoner in the squamous and 
undifferentiated cell groups than in the 
adenocarcinomas, Avhereas wheeze Avas 
noted less frequently and pain more often 
in the squamous tumors. The aAi-erage 
duration of symptoms before admission to 
the hospital was 2 months less in the 
undifferentiated group than in the other 
2 types of tumor. 

That the duration of symptoms is of 
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no use in determining resectability in the 
undifferentiated group is shown by the 
fact that 28.6% of undifferentiated carci- 
nomas with symptoms for less than 
4 months were resectable, whereas 44.4% 
with symptoms over 4 months were able 
to be resected. The significance of early 
diagnosis to permit early operation lies in 
the fact that the tumor when first seen 
may be so far advanced that any delay 
will be just enough to prevent resection. 


carcinomas with positive biopsy had 
bleeding. The significance of this finding 
is modified somewhat by the small num- 
ber of adenocarcinomas that had a positive 
biopsy. 

A summary of the follow-up of the 3 
pathologic groups is included to show the 
survival time in relation to the type of 
tumor. As would be expected, the squa- 
mous tumors are slower growing and in 
this group longevity was the greatest. In 


Table 6.— Cokrblation of Resectability With Type of Lesion and Result of 

Bronchoscopic Biopsy 


Positive biopsy Negative biopsy Positive biopsy (%) 


Type 

Resectable 

Total 

Resectable 

Total 

Adenocarcinoma . . . . . 

1 

2 

5 

6 

Squamous cell 

8 

20 

2 

7 

Undifferentiated cell 

5 

15 

2 

(i 

Adenocarcinoma and squamous cell . 


1 




esectable 

Total 

16 

6 

25 

0 

SO 

0 

74 

1 

71 

4 

71 

4 



100 

0 


Table 7.— Survival Time Foi.lowing 

Postoperative interval 
before death 

1st month . 

1 to 6 months . 

6 mos. to 1 yr. . 

1 to 2 yrs. 

2 to 3 “ 

3 to 4 “ 

4 to 6 " 

Over 6 yrs. 

Date of death unknown 
Totals 

The age incidence of the several types 
of tumor was within 4 years of each other, 
wth the squamous tumors averaging 

53.6 years, the undifferentiated group 

49.6 years, and the adenocarcinomas 

51.7 years. 

In evaluating the diagnostic value of 
bronchoscopj'^ in relation to the type of 
tumor present, the resectability of adeno- 
carcinoma was to a high degree associ- 
ated ndth negative biopsy, whereas the 
resectable squamous cell and undifferenti- 
ated cell tumors were more frequently 
able to be biopsied (Table 6). 

Correlating the cases that had positive 
biopsj' with those that bled, it is found 
that both undifferentiated and squamous 
cell groups had approximately 57 % with 
both findings, whereas 11% of the adeno- 


Operation of 

40 Known Dead 

Resected 

Non-rcsected 

. . 7 

4 

3 

5 

2 

9 

3 

3 

0 

1 

0 

0 

0 

1 

1 

0 


1 

10 

24 


the undifferentiated cell type group there 
were 8 patients who had resection ; of these, 
4 lived over 12 months, 2 over 24 months 
and 1 over 56 months. Of 15 patients in 
this group who did not have resections, 
only 8 could be followed, and of these 

3 lived over 6 months, 1 over 12 months 
and none over 24 months. In the squa- 
mous cell type group there were 11 patients 
who had resections and 10 could be fol- 
lowed. Of these, 5 lived over 6 months, 

4 over 12 months, 2 over 36 months, and 
1 over 60 months. Of 17 patients in this 
group who did not have resections, 11 
could be followed, and of these, 7 lived 
over 6 months, 2 over 12 months, 1 over 
48 months, and none over 60 months. 
In the adenocarcinoma group, of 6 patients 
who had resections, 3 were followed, and 
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of these, 1 lived o^'er (i months and none 
over 12 months. Of 2 patients in this 
group who did not have resections, the 
one who could be followed lived over 
48 months. 

hlOETALiTY. Of the 70 patients oper- 
ated upon, 17 died in the hospital, a 
mortality of 24.3%. This is somewhat 
lower than the 32.6 % mortality of the 279 
non-operated cases that died on the service 
during the same time. Of the resected 
cases, 10 died in the hospital, a hospital 
mortality of 40%; 7 of the 10 cases died 
during the 1st month (28%) which repre- 
sents the operative mortality. Of these 
resected cases djdng in the hospital, 1 died 
in the first 24 hours, 4 in the 1st week, 7 
in the 1st month, and 3 in 2 to 6 months 
after operation. Of the pulmonary resec- 
tion cases, 16 of the 25 (64 %) are known 
to be dead. Of 9 cases not known to be 
dead, 4 had no follow-up after leaving the 
hospital; 5 had follow-up and averaged 
20 months postoperative when last seen. 

Of the non-resectable cases, 7 died in 
the hospital, a mortality of 15.6%. 
died in the hospital in the first 24 hours, 

2 more in the next 30 days, and 3 after 
1 month postoperatively. Of the non- 
resectable cases, 24 are known to be dead 
(53.3%). Of the 21 cases not knorni to 
be dead, 16 had no follow-up after leaving 
the hospital, 5 were seen in follow-up and 
averaged a period of 16 months. Of these, 

1 was seen at 52 months, having had large 
doses of Roentgen ra3’- therapj\ 

An analysis of the causes of death of 
those patients dying in the hospital is of 
interest. Three of the 10 resected cases 
developed fistulas which were not recog- 
nized sufficiently early to prevent the 
patients emptjdng the contents of the 
pleural space into the bronchial tree. In 
this regard an attempt is made techni- 
callj’ at operation to pleuralize the bron- 
chial stump. A single layer of interrupted 
silk sutures to close the end of the bron- 
chus maj”^ or maj^ not be reinforced ^^'ith 
loosely applied mattress sutures proximal 
to this laj'er to approximate membranous 
portion of bronchus posteriorlj' to car- 


tilaginous portion anteriorly. Before the 
chest is closed, saline solution is introduced 
into the pleural space and positive pres- 
sure applied to the broncliial tree by the 
anesthetist in order to demonstrate anv 
possible leak that maj' still remain. If 
this is present, further sutures are applied 
to close the bronchus at this point. 

Three fistulas that developed in resec- 
tions occurred on the 7th, 13th and 23rd 
days postoperatively. In 2 of these the 
fistula was the direct cause of death. In 
the third, the patient also had an empyema 
and an acute fibrinopurulent pericarditis 
which contributed to the patient’s death. 
In all 3 the pleural space should have 
been drained earlier. In pneumonectom- 
ized patients, a sudden rise in temperature 
even after 3 weeks must be regarded with 
suspicion. Coughing and raising blood- 
tinged brownish red sputum postopera- 
tively, especial^ after a free interval, is 
an immediate indication for emergency 
drainage of plem-al cavity by thoracot- 
omy. Makeshift needle aspiration and 
closed intercostal drainage should be em- 
plojmd only as a short preliminary to open 
operation. The failure to recognize the 
urgency of open drainage will result fatally 
for the patient. 

One death on the table from hemorrhage 
occurred in a patient whose carcinoma 
was associated vrfth considerable pneu- 
monitis that resulted in a solid lung with 
faOure of the lung to collapse more than 
20% on opening the chest. The mediasti- 
num was thickened and edematous, the 
blood-vessels friable and in tying the 
pulmonary vein with silk suture slipped 
off. Because of poor e.xposure it was diffi- 
cult to control the hemorrhage and in at- 
tempting to do so a portion of the auricle 
was tom and the patient succumbed. 

The technical difficulties of resection in 
the presence of similar lesions is ob\'ious. 
One technical maneuver has since been 
used in similar cases where the vein is 
short as a means of preventing the silk 
tie from slipping. This includes the use of 
txansfi.xion sutures through pericardium 
and vein proximal to clamps placed on the 
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vein which Avill then allow a running con- 
tinuous stitch to close vein and peri- 
cardium together. 

The fifth death that could possibly have 
been prevented was in a patient who had 
a large amount of secretions postopera- 
tively. He had raised about | cup of thick 
yellow sputum before operation and died 
on the 2nd postoperative day before 
bronchoscopy was done. Cases such as 
this have led us to believe that all “ moist” 
cases should have bronchoscopy on the 
table postoperatively, irrespective of how 
recently the patient has been aspirated 
through an endotracheal tube by the an- 
esthetist. Frequently bronchoscopy done 
10 or 15 seconds after relatively dry endo- 
tracheal aspiration will reveal the main 
bronchus on the opposite side filled with 
secretions and occasionally the stump on 
the operated side also containing moisture. 

After the patient has returned to his 
bed, secretions are reduced by cough vdth 
pressure and by endotracheal suction with 
rubber catheter introduced at intervals 
tlu’ough larynx into trachea, ^^fiien tins 
is unsuccessful and the patient becomes 
embarrassed from endotracheal secretions, 
he should be bronchoscoped in bed, after 
the application of a small amount of 
cocaine to the posterior pharynx and the 
pyriform sinuses on each side to facilitate 
passage of the bronchoscope. In this 
respect the adeptness of the resident staff 
with the passage of a bronchoscope is an 
important part in the postoperati^'e treat- 
ment. 

A prophylactic com’se of chemotherapy 
is routinely employed to reduce preopera- 
tive sputum, and similar therapy is insti- 
tuted postoperatiA^ely. Lately, sulfona- 
mides have been replaced by penicillin, 
although these are occasionally combined 
for maximum effect. 

Of the other 5 hospital deaths in resec- 
tions. 3 Avere due to e.xtension of the 
disease, either direct or metastatic. One 
patient died of jaundice from sepsis. 
Operation had been delayed months 
while the patient’s carcijioma had broken 
down and was eventually drained Ijcfore 


resection was attempted. In similar cases 
it is felt if diagnosis can be established 
excision is preferable to preliminary drain- 
age. The 5th case Avas one of renal shut- 
doAATi folloAAung transfusion reaction which 
occurred on the 2nd postoperative day. 

Of the 7 deaths in non-resectable cases, 
4 died of infection including empyema, 
contralateral bronchopneumonia and acute 
purulent bronchitis; 2 died of metastases, 
and 1 died of intrabronchial hemorrhage. 

The survival times folloAAung operation 
of those patients knoAvn to haA^e died are 
gWen in Table 7, both for resected and 
non-resected cases. Of both groups only 
1 resected case surAuved 5 years after 
operation, which represents 1.4% of the 
entire series, or 2.6% of the total cases 
that Avere operated upon more than 5 years 
ago. 

Results of Irradiation Therapy. Of 
the 70 patients Avho Avere explored for 
carcinoma, 21 had irradiation therapy. 
Of these, 13 (61.9%) are knoAvn to be 
dead. Three of the 21 cases given Roent- 
gen ray treatment were resections, its use 
in these cases being to control pain rather 
than to control the extension of the dis- 
ease. The aA^erage siu-AUA’^al time of the 
3 resection cases was months. 

Of the 18 non-resectable cases given 
Roentgen ray treatment, 10 Avere followed 
to death and aA'eraged 15 months folloAA'- 
ing operation. Tavo patients giA'^en Roent- 
gen ray, A\dio haA^e been seen postopera- 
tiA-^ely but are not knoAATi to be dead, were 
seen 111 and 52 months after operation. 

The A'alue of irradiation has neA^er been 
fully determined, nor is it possible in this 
series to evaluate its effect. The main 
point to decide is AAdiether or not irradia- 
tion has prolonged life expectancy in those 
cases that were inoperable. As the cases 
differ widely in the tjqie and extent of the 
groAA'th, the effect of irradiation is difficult 
to assess. HoweA'er, in the group that 
Avas explored but not resected, an accu- 
rate means of determining the extent of 
the disease present in . these cases Avas 
afforded by operation, so that it is felt of 
A'alue to analyze the records of the irradi- 
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ated and the non-irradiated cases that 
were followed to the time of their death. 
Of all non-reseeted cases that were fol- 
lowed after leaving the hospital to the 
time of death, 9 had irradiation and 7 did 
not. Follow-up on these 2 sets revealed 
the irradiated group survived an average 
of 14 months and 27 days and the non- 
irradiated group 7 months and 21 days. 
These figures would lead to the conclusion 
that Roentgen ray therapy had increased 
life expectancy. However, the conclusion 
is not justified because of the difference 
in the type and extent of the lessons in 
the 2 groups. Three of the cases given 
Roentgen raj'' therapj'' had no metastatic 
involvement at all, 1 being considered 
inoperable becatise "the pulmonary veins 
were involved.” In the second case there 
was “a mass posterior to the heart,” and 
the third ease had a mass in the hilum 
that was adherent to the superior vena 
cava. These 3 eases survived 36 months, 
19 months and 48| months, respectively. 

Diwding the irradiated cases into (1) 
those m'th metastases, (2) those ivithout 
metastases but with direct extension into 
mediastinum, diaphragm or chest wall, 
and (3) those 'onthout metastases or direct 
extension, it is found that Groups 1 and 2 
each had survival time of beriveen 7 and 
8 months, whereas Group 3 averaged 
34.5 months. The 1 case not included in 
the above 3 groups that had irradiation 
and postoperative empyema, died in the 
hospital after 3 weeks. At exploration 
there were present hilar nodes, mediastinal 
nodes and a mass posteriorly adherent to 
the pericardium. Of the non-irradiated 
cases without suppuration but with metas- 
■tases, the survival time was 9 months. 
Three cases of the non-irradiated group 
had suppnration, including empyema in 
2 cases, and pulmonary suppuration in 
1 case. In this group the survival time 
averaged little over 5 months. Ail the 
non-irradiated cases that were followed to 
their death had metastatic involvement 
at exploration. It is evident that the 
presence of infection, either in the form 
of empyema or pulmonary suppuration. 


Avill hasten the demise of the patient. Of 
the whole series of irradiated cases there 
is only 1 patient -with metastatic involve- 
ment who survived 12 months and who 
seemed to improve following irradiation. 
Two patients, who are not kno'wn to be 
dead, w'ere seen at Hf months and 52 
months postoperatively after irradiation. 
It w'as felt that the man who surAuved 
52 months had in all probability been 
helped bj' irradiation because of the dura- 
tion of survival following exploration. 
Both of the cases were squamous cell 
tumors TOth metastatic involvement at 
operation. 

In summarizing the results of Roentgen 
therapj' it is felt that it w'as useless in the 
large percentage of cases to which it was 
given. Perhaps some good effect was ob- 
tained in 2 or 3 cases. Irradiation therapy 
in a non-reseeted ease of carcinoma of the 
lung that has been explored should be 
used judiciously. If irradiation is given in 
large amounts in a short period of time 
the ill effects of the irradiation -will coun- 
teract any beneficial effect that the patient 
may receive from ha^'ing his tumor ex- 
posed to Roentgen ray. It is much more 
important to preserve the patient’s appe- 
tite and his general well-being than to 
e.xpose him to an overwhelming dose of 
Roentgen ray that -will result in anorexia 
and rapid loss of weight and a conse- 
quently earlier death. Whether irradia- 
tion should be employed after resection is 
a question that cannot be answered on 
the evidence of this series of cases, since 
the only patients who received Roentgen 
ray therapy were those who had devel- 
oped pain follo-Rung a recurrence of their 
disease process. These patients did not 
seem to be benefited by their Roentgen- 
ray treatment. 

Criteria of Resectabiutt. In ana- 
lyzing the pathology of non-resectable 
tumors in this series it is apparent that 
cases w’hich in the early years of the 
study w'ere not subjected to resection 
would have been considered operable in 
later years. In this series 2 cases were 
considered inoperable "because of hilar 
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node involvement” and 3 cases because 
of carinal or tracheobroncliial node metas- 
tasis. As more experience was gained at 
the operating table with bronchogenic 
carcinoma an increasingly larger group 
were resected that had some involvement 
of the mediastinum in direct extension or 
lymph gland metastasis to carinal or 
tracheobronchial nodes. 

Ideally, patients should come to ex- 
ploration before any such extension has 
taken place. For those cases in which 
extension is present at operation a radical 
type of pneumonectomy is now performed 
to include, in addition to pneumonectomy, 
removal of mediastinal nodes up to and 
including the subaortic node on the left. 
On the right, by dividing the azygos vein 
and retracting the superior vena cava 
anteriorly, it is possible to clean out the 
mediastinal nodes up to the base of the 
neck. Radical pneumonectomy of this 
type is more formidable than simple pneu- 
monectomy and is utilized for the cases 
in which delayed diagnosis has postponed 
exploration and allowed mediastinal ex- 
tension to occur. In this respect, early 
operation will be more favorable for cure 
and, as the amount of surgery is less, the 
operative risk also will be correspondingly 
diminished. 

It is often impossible to recognize by 
Roentgen ray studies that involvement 
beyond the lung has occurred. This is 
shown by the operative findings in our 
45 cases that had no Roentgen ray cau- 
dence of extension but that proved inop- 
erable on exploration. There Avere 10 
(22%) Avith metastasis*to pleura or chest 
Avail, 30 (66%) with direct extension of 
the tumor into hilum, chest wall, dia- 
phragm or mediastinum, 10 (22%) Avith 
metastasis to hilar nodes, and 21 (47%) 
Avith metastasis to mediastinal nodes. 

Summary. This series of 70 cases of car- 
cinoma of the lung surgically treated 
stresses the diagnostic criteria and the im- 
portance of early exploration. These 70 
cases represent only 20% of tlie cases of 
lung cancer encountered on this serA-ice, 
and only 7.2 % of the total cases were resect- 


able. Tliis loAv incidence of operabilitA- 
is associated Avith a discouragingly low 
record of 5 year survival: only 1 case. 

The average duration of symptoms in 
patients coming to resection was OA^er 
9 months, due to failure of the physician 
to make a diagnosis and of the patient to 
appreciate the importance of early symp- 
toms. A large percentage of patients who 
had resections died because of tumor be- 
yond the resected area and too small to 
be recognized at operation. Therefore, 
delay in exploration allows fatal extension 
of the disease and is partly responsible for 
the low surAuval rate after resection. 

The relatively high incidence of fistulas 
and of pleural infection in resected cases 
in this series indicates where improvement 
in operating technique and postoperative 
management is required. 

Equally challenging to the surgeons is 
the correct handling at operation of the 
tumor and its possible extension into the 
mediastinum. Careful dissection and skill- 
ful handling of the mediastinum have 
enabled more cases to be resected. As 
each surgeon’s criteria of operability be- 
come more inclusive, a more radical ap- 
proach is being adopted toAvard the 
disease. Spread of the disease to the 
regional lymph nodes and mediastinum, 
followdng failure of early diagnosis, is noAv 
met by more radical resection Avith re- 
moval of lymph nodes and clearing out 
of the mediastinal glands up to the base 
of the neck. Success Avith this procedure 
has increased as further surgical experi- 
ence has been attained. But the surgeon’s 
attempt to make up for failure of early 
diagnosis by employing radical pneumon- 
ectomy entails a more formidable opera- 
tion A\dth a greater operative risk. The 
better way to lower mortality and in- 
crease the smvival rate is earlier diagnosis 
and earlier exploration, permitting simple 
rather than radical pneumonectomy. 

The operability of carcinoma cannot be 
predicted at bronchoscopy except that 
exploration is contraindicated in cases 
where the tumor can be seen to inA'ade 
the trachea or extend to the opposite side. 
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Rigidity of a bronchus may l)e due to the 
suppurative factor associated with the 
tumor as much as to the growth and does 
not preclude exploration. 

It is impossible to lay too much stress 
on the importance of Roentgen raj' inter- 
pretation rather than bronchoscopy or 


symptomatologj' for bringing about early 
exploration. Resectability is higher in cases 
wath negative bronchoscopic findings. Until 
this fact is appreciated by the medical 
profession carcinoma of the lung will con- 
tinue to have the hopeless prognosis that 
it has had in the past. 
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A STATISTICAL STUDY OF 112 CASES OF BENIGN GASTRIC ULCERATION 

By Maurice Feldman, M.D. 

assistant professor op GASTROENTEBOEOQT, UNrS'’EHSITY OF MARYLAND 

BALTIMORE, MARYLAND 


In a recent 10 year study of 7300 gastro- 
intestinal examinations of civilian ambula- 
tory patients with digestive symptoms, 
1154 cases of duodenal ulcer and 112 cases 
of gastric ulceration were observed. The 
statistical study of the life cycle of duo- 
denal ulcer has been reported in another 
publication.^ In this communication the 
following statistical information of 112 
cases of gastric ulceration will be given: 
(1) incidence of gastric ulcer, (2) site of 
the ulceration, (3) age and sex, (4) dura- 
tion of symptoms, (5) symptoms and signs, 
and (6) recurrences. 

For the purpose of this study two 5 year 
periods were selected — (1) prewar, 1937- 
1941, (2) wartime, 1941-1946— to deter- 
mine what effect, if any, the war had upon 
the incidence of gastrie ulceration. 

In 7300 gastro-intestinal examinations 
in patients with digestive symptoms, pep- 
tic ulceration was found in 1266 cases. 
Of these, 1154 (86.7 %) were duodenal and 
112 (17.3%) gastric. For the piupose of 
this study, the gastric ulcer cases were 
divided into 2 groups, according to the 
site: Group 1, those involving the body 
and cardia, comprising 74 cases, and 
Group 2, those involving the pylorus, 
38 cases. 

Group 1. Incidence. While the inci- 
dence of gastric ulcer, all sites, was 1.53 %, 
that for involvement of the body and 
cardia was 0.84%. In a 5 year prewar 
period, 3500 gastro-intestinal examina- 
tions yielded 28 cases of gastric ulceration 
involving the body and cardia. In the 
second 5 year wartime period, comprising 
3800 cases, 46 cases were observed. The 
prewar incidence was 0.8 %, while the war- 
time incidence was 1.2%. The incidence 
increased 0.4% during the war in the 
civilian population. A similar increase 
was noted in tlie incidence of duodenal 
ulcer. 


Sex and Age. Of the 74 patients with 
gastric ulcer, 60 were males and 14 
females. The prewar group comprised 25 
males and 3 females, the wartime group 
35 males and 11 females. Comparing 
the two periods, there seemed to be a 
slight increase of females during the war- 
time period. 

Table 1 shows that the majority of 
those who sought medical attention were 
between the ages of 30 and 70 years. It 
was of particular interest to observe the 
age of the patie.its at the onset of symp- 
toms of gastric ulceration (Table 2). The 
onset occurred at an older age for those 
with gastric than for those with duodenal 
ulcer. The table shows a striking and sig- 
nificant difference in the age between the 
onset of symptoms in gastric and duodenal 
ulceration. 

Duration. The duration of symptoms 
ranged from 1 month to 40 years (Table 3). 
The majority of patients presented symp- 
toms of from 1 to 10 years. Of particular 
interest is the number of cases of less than 
1 year’s dmration seen during the wartime. 

Recurrences. Recurrences with se- 
vere symptomatic episodes are not as 
common in gastric as in duodenal ulcera- 
tion (Table 4). Of the 74 patients with 
gastric ulcer, the majority presented only 
1 severe recurrence up to the time of the 
examination. There were 18 patients with 
acute ulceration seen during the wartime 
period, who had not had digestive symp- 
toms before. A comparison between the 2 
5 year periods showed an increase in the 
prevalence of acute gastric ulceration in 
the wartime group; otherwise there was 
little significant change. 

Symptoms and Signs. All of the gastric 
ulcers were active and all showed an ulcer 
niche filling defect in the Roentgen exam- 
ination. The predominant symptoms are 
shown in Table 5. 



14 


FELBarAK: benign gastric ulceration 


Table 1. — Age and Sex of 112 Patients With Gastric Ulcer 

Pylorio ulcer 


20-29 

30-39 

40-49 

50-59 

60-69 

70-79 

Total 


Ulcer of body and cardia 

Males 

Females 

Group 1 

Group 2 

Group 1 

Group 2 

. 0 

1 

1 

0 

. 6 

6 

0 

0 

. 6 

S 

1 

4 

. S 

10 

1 

1 

. 3 

10 

0 

5 

. 2 

0 

0 

1 

. 25 

35 

3 

11 


Males 


Females 


Table 2. 


Ulcer of body and cardia 


Males 


Females 


16-20 



Group 1 
. 1 

Group 2 

0 

Group 1 

0 

Group 2 
0 

21-25 



. 4 

0 

1 

0 

26-30 



. 2 

4 

0 

0 

31-36 



. 3 

3 

0 

2 

36-40 



. 3 

S 

1 

1 

41-46 



. 2 

4 

0 

1 

46-50 



. 4 

7 

1 

1 

51-66 



. 2 

3 

0 

0 

66-60 



. 1 

0 

0 

3 

61-66 



. 1 

5 

0 

1 

66-70 



. 0 

1 

0 

2 

71-75 



. 2 

0 

0 

0 

Total 



. 25 

35 

3 

11 


Ulcer of body and cardia 





Males 

Females 

1- 3 mos. 

Groxip 1 Group 2 
. . 1 6 

Group 1 

0 

Group 2 
1 

3- 7 


. . 1 

2 

0 

1 

8-11 

tt 

. . 1 

4 

0 

1 

I- 3 yrs. 

. . 4 

11 

1 

2 

4- 7 

ti 

. . 4 

3 

1 

3 

S-11 

(f 

. . 7 

2 

1 

2 

12-15 

i< 

. . 2 

4 

0 

0 

16-20 

f( 

. . 1 

2 

0 

1 

21-26 

t ( 

. . 3 

0 

0 

0 

27-34 

(( 

. . 1 

1 

0 

0 

35-40 

If 

. . 0 

1 

0 

0 

Total 


. 25 

35 

3 

11 



Table 4.- 

—Recubbekces of Symptoms in 

Ulcer of body and cardia 


Males 


Females 


Group 1 Group 2 Group 1 Group 2 


1 

10 

7 

4 

3 


14 

12 

4 

4 

1 

35 


3 

6 

1 

0 

1 

11 


Group 1 

Group ,2 

Group 1 

Group 2 

0 

1 

1 

1 

2 

5 

0 

0 

3 

4 

3 

2 

3 

1 

1 

3 

2 

3 

1 

0 

0 

1 

1 

0 

10 

IS 

7 

6 

112 Cases 

OF Gastric Ulcer 



Pyloric ulcer 


Moles 

Females 

Group 1 

Group 2 

Group 1 

Group 2 

0 

0 

1 

1 

3 

1 ■ 

1 

1 

1 

4 

0 

0 

0 

1 

1 

0 

1 

2 

1 

1 

2 

2 

0 

2 

0 

1 

2 

0 

0 

0 

0 

1 

1 

3 

0 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 

0 

10 

15 

7 

6 

Cases or Gastric Ulcer 



PylorJe ulcer 


Males 

Females 

Group 1 

Group 2 

Group 1 

. Group 2 

1 

2 

0 

0 

0 

1 

0 

0 

1 

0 

0 

I 

2 

6 

2 

1 

0 

4 

2 

1 

2 

0 

0 

1 

2 

3 

0 

1 

1 

0 

3 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 



— 

— 

- 

10 

16 

7 

6 

2 Cases of Gastric Ulcee 



Pyloric ulcer 


Males 

Females 

Group 1 

Group 2 

Group 1 

Group 2 

2 

4 

0 

0 

2 

7 

3 

4 

3 

2 

1 

1 

3 

2 

2 

0 

0 

0 

I 

1 

10 

16 

7 

6 


Total 
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Pain. Of the 74 patients, 66 had pain; 
in 40 there was a history of food relation 
to the pain, it being worse after eating. 
A comparison between the two 5 year 
periods showed no change in the incidence 
of pain. 

Vomiting. Vomiting occurred in 18 of 
the 74 cases. There was no change in the 
incidence of vomiting during the 2 periods. 


Group 2. In 112 cases of gastric ulcera- 
tion encountered in 7300 gastro-intestinal 
Roentgen examinations, 38 had pyloric 
ulcers situated at or close to the pyloric 
sphincter. 

Incidence. The incidence for this 
group was 0.52%. 

Sex and Age. Of the 38 patients with 
pyloric ulceration, 25 were males and 13 


Table 5. — Signs and Symptoms in 112 Cases of Gastric Ulcer 

Ulcer of body and cardia Pyloric ulcer 


Males Females Males Females 



Group 1 

Group 2 

Group 1 

Group 2 

Group 1 

Group 2 

Group 1 Group 

Niche 

. 25 

35 

3 

11 

6 

13 

6 

6 

Pain 

. 19 

33 

0 

8 

0 

6 

2 

4 

Pain-Iood relation 

. 12 

22 

3 

3 

7 

8 

2 

0 

Vomiting 

7 

7 

1 

3 

3 

10 

4 

2 

Gastric hemorrhage 

2 

1 

0 

1 

0 

1 

0 

0 

Black stools, exclusive 

of 








gastric hemorrhage 

1 

2 

0 

1 

0 

2 

0 

0 

Pyloric obstruction 

0 

0 

0 

0 

1 

2 

4 

0 

Perforation 

2 

0 

0 

0 

0 

0 

0 

0 

Loss of weight 

. & 

6 

0 

3 

0 

5 

0 

0 

Diarrhea . 

0 

0 

0 

2 

1 

0 

0 

0 

Constipation 

13 

17 

1 

5 

2 

1 

1 

2 

Bowels regular . 

9 

14 

2 

3 

1 

0 

1 

0 

Irritable spastic colon 

0 

, 0 

0 

2 

4 

4 

4 

2 


Massive Gastric Hemorrhage. Massive 
gastric hemorrhage occurred in only 4 in- 
stances of the 74 cases of gastric ulceration. 
The incidence of massive gastric hemor- 
rhage is rather low and is comparable with 
the incidence encountered in duodenal 
ulceration. 

Black Stools. Although occult bl6od 
was observed in most of the cases, black 
stools was noticed by the patient in only 
4 instances. 

Perforation. Of the 74 patients, only 2 
gave a history of perforation. 

Loss of Weight. It is interesting to note 
that of the 74 patients, 16 complained of 
loss of weight. The loss of weight was due 
to abstinence of food. 

Bowel Movements. Of the 74 individuals 
with gastric ulcer, 36 gave a history of 
constipation and 28 had regular howel 
movements. In none of the cases were 
there Roentgen evidence of an irritable 
spastic colon. These findings differ con- 
siderably from those observed in duodenal 
ulceration, where a high percentage of 
irritable spastic colon is found. 


females. Tables 1 and 2 show the inci- 
dence of sex according to age. The age 
of onset of pyloric ulceration varies con- 
siderably. The majority of pyloric ulcer 
cases were seen between the 3rd and 6th 
decades. 

Duration. The duration of symptoms 
varied from 1 month to 26 years (Table 3). 
It is interesting to note the small number 
of cases of short duration. The female 
group revealed only 1 case of less than 
1 years duration. 

Signs and SvikiPTOMs. Of the 38 cases 
of pyloric ulceration, 31 had an ulcer niche 
defect. The predominant symptoms were 
pain and vomiting. In this group of 38 
cases, there was only 1 instance of massive 
gastric hemorrhage. The signs and symp- 
toms are shown in Table 4. 

Obstruction. Pyloric obstruction was 
observed in 7 instances. 

Recurrence of Symptoms. Recur- 
rences of symptoms in the 38 cases ranged 
from 1 to 4 (Table 5). There were 6 in- 
stances of males with a history of an acute 
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onset. In the females, there was none 
with an acute onset. 

A comparison betn^een the prewar and 
wartime groups revealed an increase in 
the percentage of acute and first recur- 
rences of pyloric ulcerations during the 
wartime. 

Summary. An incidence of gastric ul- 
ceration was 1.53% in a series of 7300 
ambulatory patients with digestive symp- 
toms. The ratio between duodenal ulcer 
and gastric ulcer was approximately 10 
to 1. The incidence of gastric ulceration 
increased from 0.8 to 1.2 % during the war 


period. There was a slight increase of 
gastric ulcer in females during the war- 
time. Gastric ulcers of short duration or 
acute ulcers were more common during 
the wartime. Recurrences were less fre- 
quent in gastric ulceration, than in cases 
of duodenal ulcers. 

There were 38 cases of pyloric ulcera- 
tion among the 112 cases of gastric ulcers. 
The incidence of pyloric ulcer in 7300 
gastro-intestinal examinations was 0.5%. 
The pyloric ulcers behaved like the gastric 
type, with the exception of a greater preva- 
lence of obstruction. 
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EXPERIMENTAL STUDY ON THE LOCALIZATION OF CASTLE’S INTRINSIC 
FACTOR IN THE HUMAN STOMACH 

Anti-anemic Effect of Powdered Human Fundus and Pylorus 

By Erik Landboe-Christensen, M.D. 

ASSOCIATE PROFESSOR OF ANATOMY 
AND 

Claus Munk Plutm, Ph.D. 

COPENHAGEN, DENMARK 

(From the Department of Anatomy, Faculty of Medicine, University of Copenhagen [Chief, Prof. Harald 
Okkels, M.D.], and the Biological Laboratory of “Medicinalco,” Ltd. [Chief, Erik Jacobsen, M.D.]) 


The use of dried hog stomach, espe- 
cially the pyloric portion, in the treat- 
ment of pernicious anemia is based on a 
number of clinico-therapeutic investiga- 
tions demonstrating the effectiveness of 
this material.^-'' Preparations of the 
fundal portion of hog stomach were found 
to be inactive,^® whereas pyloric prepa- 
rations had a pronounced effect. > Prepara- 
tions made from the cardiac portion of 
the hog stomach and from the duodenum 
were also effective.'^*’ Prom his findings, 
Meulengracht’® concluded that Castle’s 
“intrinsic factor” was not produced by 
the fundal glands, but by the pyloric 
glands together with the cardiac glands 
and the duodenal glands of Brunner: the 
“pyloric glandular organ.” Applying the 
results to pernicious anemia in man, Meu- 
lengracht concluded that the experiments 
indicated the site of the lesion in the 
stomach, and that in all probability per- 
nicious anemia was due to atrophy and 
the inactivity of the “pyloric glandular 
organ.” 

From experiments with resection of the 
fundus of the stomach in hogs, Petri and 
his co-workers^^’^--'^ concluded that “the 
fundus is that region within the stomach 
which is primarily decisive as to . . . 
the formation of the anti-pernicious ane- 
mia principle.” 

However, repeated histologic studies on 
the human stomach in cases of pernicious 
anemia have shomi that it is the fundal 
portion that undergoes the most conspicu- 
ous changes.' These changes are of 
an atrophic and degenerative character, 
increasing to total loss of specific glandular 


elements in the fundal zone. The area of 
P5doric glands is either unchanged or pre- 
sents some less pronounced changes.'® 
Also, gastroscopic examinations on patients 
with pernicious anemia indicate that it is 
the body of the stomach, the zone of the fun- 
dal glands, that is particularly affected.®-'^ 
Because of the discrepancy between the 
localization of the degenerative processes 
in the stomach in pernicious anemia and 
Meulengracht’s view of the pyloric gland 
organ as presumably the most important 
source of the “intrinsic factor” in man. 
Fox and Castle- reinvestigated the site of 
intrinsic factor production. They were 
able fully to confirm the effectiveness of 
preparations of the pyloric portion of hog 
stomach and the lack of activity pf prepa- 
rations from the fundal portion, and sup- 
port the assumption that this distribution 
of the anti-pernicious anemia activity is 
an indication of the site of secretion of 
the intrinsic factor in the hog stomach. 
Fox and Castle investigated Meulen- 
gracht’s assumption that the observations 
on hog stomach gre directly applicable to 
man by studying the anti-pernicious ane- 
mia effect of dried human fundus and 
dried pjdorus. Their material was ob- 
tained at autopsies on adults of either 
sex in various age groups who had died 
suddenly from a heart or brain lesion and 
had shown no clinical or postmortem signs 
of infection. The stomachs were removed 
usually -^nthin 12 hours after death, 
always within 24 hours. Immediately 
after their removal the stomachs were 
opened and divided into various portions 
according to a schematic drawing pre- 
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sented by Meulengracht and S0eborg- 
Ohlsen,® based on the findings in the hog 
stomach (Fig. 1). Fox and Castle pointed 
out that because of the different distribu- 
tion of pyloric and fundal glands in the 
human stomach (Paschkis and Orator'®) 
the “pylorus” preparations employed 
were not pure but contained an admixture 
of fundal gland tissue. 


pernicious anemia activity of the stomach 
preparation defines the site of secretion 
of the intrinsic factor, the conclusion will 
be that in man the fundal portion, not 
the pyloric portion, of the stomach is the 
most important site of intrinsic factor 
production. This is in keeping with the 
site of the degenerative processes in the 
stomach in pernicious anemia. 




Fig. 1. — A, Distribution of pyloric, cardiac and fundal types of glands in hog stomach according to 
Meulengracht and Sdeborg-Ohlsen.® B, Plan of incision (solid lines) employed by Fox and Castle’ 
for pylorus, cardia and fundus preparations of human stomachs. . Glandular areas according to Paschkis 
and Orator.’” (After Fox and Castle.) 


After washing, the stomach specimens 
were ground together with the same 
amount of beef; they were then dried, 
powdered and defatted with ether. The 
therapeutic dose employed was 10 gm. of 
this powder 3 times daily for 10 da!ys. 
The fundus preparation showed a maxi- 
mal anti-pemicious anemia effect in 2 
cases. One patient with an initial red 
blood count of 1.62 million per c.mm. 
treated with the “pylorus” preparation 
showed only a slight reticulocyte response 
(6.4% on the 10th day), and subsequent 
treatment with Ventriculin (N. N. R.) in 
the same dosage gave a strong second 
reticulocyte response. 

From these findings Fox and Castle 
concluded that the anti-pemicious anemia 
activity of dried preparations from human 
stomach showed a distribution of acti\aty 
quite different from that observed in hog 
stomach preparations. The fundus prepa- 
rations gave a pronounced effect, whereas 
the pylorus preparation had only slight 
activity, which might be attributable to the 
fact that the pylorus preparation contained 
a considerable admixture of fundal glands. 
If the assumption is made that the anti- 


Present Investigation. In a previous 
paper,® a description of the position of the 
pyloric-fundal gland border in the human 
stomach has been given. Utilizing this 
mapping of the glandular zones (Fig. 2) 
we have been able to separate the fundal 
and pyloric areas anatomically and thus 
to employ pure fundus and pylorus prepa- 
rations in the clinico-therapeutic experi- 
ments. 

Method, All the stomachs used here were 
removed from individuals of either sex who 
died suddenly, in most instances from gun- 
shot wounds, in a few cases from cardiac 
lesions or carbon monoxide poisoning. The 
ages ranged from 17 to 66 years, most sub- 
jects being under 40. The stomachs were 
removed within 21 hours after death, usually 
within a few hours. The subserous adipose 
tissue was removed. The stomach was 
opened along the greater curvature and the 
mucous membrane was washed briefly with 
running water. The stomach was then 
dirided into the pyloric and the fundal por- 
tions as defined by the previous studies® 
(Figs. 2 and 3). These sections were then 
dried, defatted and powdered. The prepara- 
tions were kept, until used, in paraffined 
boxes each containing 5 gm. None of the 
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Fig. 2. — Pyloric-fundal border in human stomach according to Landboe-Christensen ‘ Stomacli 
(c? 23 years) cleared in acetic acid and transUluminated. The pyloric area represents 11% of tlie 
total stomach area. 



Fig. 3.— Position of pyloric-fundal gland border in the human stomach. The shaded areas indicate 
the pyloric and fundal portions used in the experiments 
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preparations were found to contain bacteria 
pathogenic to man. 

Case Reports. Case 1 was treated with a 
pure human fundus preparation and Case 2 
with a pure human pylorus preparation. 

Case 1. No. 261/1946. The patient was 
a 38 year old woman, admitted to Medical 
Department A of the Rigshospital, Copen- 
hagen, on Jan. 22, 1946, with typical perni- 
cious anemia.. Apart from a period of 
2 months, 5 years before, when presumablj’^ 
she was given liver preparation, the patient 
had not been treated. 


The patient was given powdered human 
fundus, 20 gm. daily for 2 days, and 10 gm. 
daily for the following 6 days, a total of 
100 gm. The preparation was given with 
lunch and dinner. The patient was given the 
ordinary hospital diet. In addition, meat 
was included in each dinner. Liver was 
avoided. The reticulocytes began to rise on 
the 4th day and reached a peak of 23.9% on 
the 7th day (Fig. 4). During the following 
5 daj'S the reticulocyte count fell to 4%. 
During the next 14 days the patient was 
given "Pylorin” (Medicinalco), i. e., pow- 
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Fig. 4. — HemntoIOKic findincs. Ca^c 1. 


On admission, the hemoglobin was 47%; 
10 days later it was 43%. The red blood 
counts were 1.46 and 1.40 milh’ons per c.^. 
respectively. Gastric analysis showed hista- 
mine-fast achlorhydria. The icterus index 
was 5 and the serum iron was 0.221 mg. 
per 100 cc. Sternal puncture showed megalo- 
blastic ei^-thropoiesis. 


dered hog pylorus, in the s&me dosage. 
This did not produce a second reticulocyte 
response. 

The hemoglobin percentage rose in 11 days 
from 45 to 68%, and the red blood count 
from 1.4 to 2.7 millions. At the same time 
the sternal puncture showed a distinct change 
from a megaloblastic to a normoblastic bone 
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marrow. Serum iron on the 13th day after 
the start of treatment was 0.118 mg. per 
100 cc. 

Case 2. The patient, a woman aged 43, 
was admitted on Aug. 24, 1946, to the 
Kommune Hospital Medical Department 
VII, Copenhagen, with untreated pernicious 
anemia. 


subsequent moderate rise in the red cells 
and hemogloljin. The effect observed, how- 
ever, was smaller than in the first case. 
During 18 days the erjiihrocytes rose from 
1.3 to 1.9 millions per c.mm. and the hemo- 
globin from 39 to 48%. Subsequent treat- 
ment with human fundus powder and with 
hog pylorus powder caused second and third 
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Fig. 6. — Hem.atologic findings. Ca.‘;e 2. 


On admission, the hemoglobin was 41%, 
the red blood count 1.3 millions per c.mm., 
the color index 1.5. Gastric analysis with 
histamine showed no free h 3 ’’drochloric acid. 
The icterus index was 37. Roentgen ray of 
the gall bladder showed 4 small stones. 
Liver function tests were normal. The ster- 
nal puncture showed megaloblastic er^dhro- 
poiesis. 

The patient was given powdered human 
pylorus, 20 gm. daily for 2 days and 10 gm, 
dail.v for the next 4 days, a total of SO gm. 
Owing to the extreme difficultj' in obtaining 
the material, onR this quantitT- was avail- 
able. The diet was the same as in the 
first case. ReticulocT-te rise commenced on 
the 4th daj’, and the peak value of 17% 
was reached on the Sth daj' (Fig. 5), with 


reticulocjde responses with peaks of 12.3% 
and 6.3% respectively. The sternal marrow 
immediate^ after the course of treatment 
with pjdorus powder showed considerable 
normoblastic proliferation. The subsequent 
punctures showed the marrow obviouslj’ 
altered further bj’’ the therap}-, but even 
after treatment with human fundus powder 
erjdhropoiesis was still not quite normal, 
particularlj’- as indicated bj' the number of 
basophilic erjdhroblasts. 

Comment. The feeding of 100 gm. of 
dried powdered and defatted stomach wall 
from the anatomic fundal part of the 
human stomach to a patient with perni- 
cious anemia over a period of 8 daT'S pro- 
duced a striking therapeutic effect. Tliis 
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demonstration of iiigh anti-pernicious ane- 
mia activity of human fundus powder 
agrees with the observations of Fox and 
Castle and corresponds with the localiza- 
tion of the pathologic changes in the 
stomach of patients with pernicious ane- 
mia. The effectiveness of human fundus 
powder is in contrast, however, to the 
total ineffectiveness of hog fundus. 

The feeding of 80 gm, of dried pow- 
dered and defatted stomach wall from the 
anatomic pyloric part of the human stom- 
ach to a second patient with pernicious 
anemia over a period of 6 days produced 
a moderate therapeutic effect, the reticu- 
locytes rising to 17 % on the 9th day with 
subsequent rise in the red cells and hemo- 
globin. The effect observed was smaller 
than in the case treated with fundus 
powder. Subsequent feeding of human 
fundus powder caused a second reticulo- 
cyte response (peak of 12.3%). Because 
therapy was not continuous, however, this 
second reticulocyte reaction, although it 
suggests the submaximal effectiveness of 
the pylorus powder in the dose given, does 
not prove conclusively the greater potency 
of fundus powder.® Fox and Castle like- 
wise observed a relative slight effect from 
the administration of their so-called ^‘py- 
lorus ” preparation which they considered 
possibly to be the result of the presence 
of some glandular material of the fundal 
type. However, in the present experiment 
no glands of the fundal type were present 
and yet the material had definite anti- 
pemicious anemia activity. 


The criticism could be made that secre- 
tion from the fundus of the stomach might 
have contaminated the preparation from 
the pylorus, which forms only about 11 % 
of the total stomach area.® Fox and 
Castle,® in their study of the distribution 
of the anti-pemicious anemia activity in 
the hog stomach, demonstrated that hog 
fundus was therapeutically ineffective, 
even when taken from stomachs allowed 
to remain unopened for 24 hours and conse- 
quently potentially exposed to contamina- 
tion with pyloric secretions. This control 
observation suggests that anti-pemicious 
anemia activity occurs not only in asso- 
ciation with human fundal glands, as 
shown previously by Fox and Castle, but 
also as in the present experiments in asso- 
ciation with human pyloric glands. With 
the amounts of material available, it was 
not possible to perform an experiment in 
such a way as to give information as to 
whether fundus or pylorus powder is more 
active. 

Summary. Dried powdered prepara- 
tions were made of the fundal and pyloric 
parts of the wall of the human stomach. 
Separation was effected according to the 
mapping out of the pyloric-fundal gland 
border described previously (Landboe- 
Christensen). Clinical tests of the thera- 
peutic efficiency of the preparations were 
carried out in 2 cases of pernicious anemia. 
In the doses used fundus powder gave 
maximal response, and pylorus powder 
showed moderate activity. 
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There has been, considerable contro- 
versy concerning the potential malignancy 
of benign rectal polyps. Bockus^ pub- 
lished a review of other sources which 
showed a variation of from 5 to 85% in 
the malignancy index of rectal polyps. 
He believed that the vide variation was 
the result of individual interpretation 
of the observed pathologic changes. Fitz- 
gibbon and Rankin,® noting the similarity 
of site of origin of cancer and polyps in 
the gastro-intestinal tract, suggested the 
possibility that cancer of the rectum arose 
from benign polyps. Brust” reported a 
sex ratio in polyps of 3 males to 2 females, 
corresponding to the ratio in carcinoma of 
the rectum. Swinton and Warren^^ con- 
tended that in 827 cases of carcinoma of 
the colon and rectum, 14% could be 
demonstrated histologically to have arisen 
from benign rectal polyps. Lockhart- 
Mummery and Dukes® reported that prac- 
tically all cases of heredofamilial type of 
disseminated polyposis develop carcinoma 
of the colon, and die 20 years earlier than 
other cases of carcinoma of the colon. 
SawyeB® contended that all polyps in the 
rectum are potentially malignant and that 
the probability of cancer increvises with 
tlie number of polyps present, approaching 
100% in disseminated polyposis. Buie 
and BnisB believed that most, if not all, 
rectal adenomas vdll ultimately become 
cancer if not removed. 

Contrary to the above evidence and 
opinions, Fitzgibbon and Rankin® stated 
that some polyps never become malignant. 
Dawd® observed that it is an extremely 


rare clinical experience to observe an ap- 
parently benign adenoma or papilloma of 
the rectum become malignant, even over 
a considerable period of observation. 
Lawrence^ in 7000 consecutive autopsies 
found an incidence of polyps in the rectum 
and colon of 3.37 %. All suspicious polyps 
were examined microscopically and only 
6.5% were found to be malignant. In 
only 12% of the cases having carcinoma 
of the colon were benign rectal polyps also 
present. Martin® found that the size of a 
polyp had no bearing on the question of 
whether a polypoid lesion is benign or 
malignant. Buie® noted that adenomatous 
polyps associated with malignant changes 
are of uniformly low-grade malignancy: 
usually of Grade I or 11, very rarely of 
Grade III. 

Because of the above conflicting opinions 
as to whether benign rectal polyps become 
malignant or not, we have undertaken 
this study of 235 cases of rectal polj'ps, 
some of which were removed and some 
of which were not. A 5 year follow-up 
stud}’’ was conducted to determine whether 
patients who did not have their polyps 
removed developed carcinoma of the rec- 
tum more frequently than patients who 
did have their poljqjs removed. 

Method. In this study all cases of rectal 
polyps found at the Heniy^ Ford Hospital 
from 1930 to 1941 were included. Carci- 
nomas of the rectum were not included a.s 
they are outside the scope of this paper. 
An effort was made to obtain 5 year follow-up 
obsen’ations on all other cases. 

The number of procto.sropic examination*; 


Xow in practice in Oklahoma City. 
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required to discover the 235 cases of rectal 
polyps studied is not knovui, as no record 
was kept in the earlier years as to the num- 
ber of proctoscopic examination done. This 
figure can only be estimated on the incidence 
of polyps found in the past 4 years. During 
this period thej’- were found in 2.3% of the 
patients examined. On this basis we esti- 
mate that about 10,200 proctoscopic exam- 
inations were made in establishing this series 
of 235 rectal polyps. 

Patients have been advised routinely to 
have rectal polyps removed. However, a 
number of patients did not do so. This 
gives us 2 groups to compare in our 5 year 
follow-up, namely, those who had their 
polyps removed and those who did not. 

In this study, aU polyps classified as be- 
nign were done so on the basis of microscopic 
examination after removal of the polyp. 

The polyps were removed by fulguration 
after biopsy, with the exception of 3 cases. 
In 1 case, Roentgen ray therapy was used 
with subsequent bowel resection, as the 
polyp was in the sigmoid. In the other 
2 cases, resection of the bowel was done 
because the polyps were in the sigmoid colon. 

Results. 1. Clinical Data, (a) Inci- 
dence of Rectal Polyps. The incidence of 
2.3% of rectal polyps in routine procto- 
scopic examinations in this clinic is some- 
what low compared vdth the literature. 
However, proctoscopic examination is a 
routine procedure for all patients in the 
Gastro-intestinal Division of Henry Ford 
Hospital. 

Table 1. — Age and Sex Distribution in 


Cases 

OF Rectal 

Polyps 


.Age 

(yrs.) 

Female 

Male 

Total 

0- 9 . . 

. . 0 

1 

1 

10-19 . . 

. . 3 

1 

4 

20 -29 . . 

. . S 

6 

14 

30-39 . . 

14 

lb 

32 

•10-49 

. . 22 

51 

73 

50-59 

. . 17 

43 

60 

60-69 . 

17 

21 

3S 

70-79 

3 

10 

13 

SO and over 

0 

0 

0 


— - 

— 

— 

Totals 

. . S4 

151 

235 


In Table 1 are presented the age and 
sex distribution of our patients vdth rectal 
polyps, 72 % occurring in the 4th, 5th and 
6th decades; 65% were males. Both of 
these figures agree approximately with the 


age and sex incidence of carcinoma of the 
rectum, as has been reported by Brust.^ 

(b) Symptoms. There is no evidence 
that rectal polyps cause symptoms, except 
for the occasional cases with ulceration of 
the polyp and possible bleeding. Table 2, 
dealing with symptoms, shows the pre- 
dominating symptom occurring in these 
cases to be irritable colon distress. This 
is understandable, as the majority of the 
patients routinely proctoscoped came to 
the clinic because of this distress. Only 
21 patients complained of rectal bleeding 
and only 9 patients complained of any 
rectal discomfort. We doubt that the 
rectal polyp caused all the cases of bleed- 
ing, and certainly doubt that the rectal 
polyp caused the rectal discomfort. How- 
ever, if one assumed that the complaints 
in all of these 30 cases with either rectal 
bleeding or discomfort were due to the 
rectal polyp, only 12.8% of the rectal 
polyps produced symptoms, since there 
were 205 patients (87.2%) who did not 
have these or any other symptoms pos- 
sibly related to the polyp. Obviously, the 
diagnosis of rectal polyp, tentative diag- 
nosis, or even suspicion of a rectal polyp 
cannot be based on the symptoms that 
the patient presents. 

Table 2. — Symptoms in Patients AVith 
Rect.^.l Polyps* 

No. 

patiente 


Irritable colon . 132 

Constipation . 76 

Rectal bleeding . . 21 

Diarrhea 17 

Rectal discomfort ... . . 9 

Alternating diarrhea and constipation 3 


* SjTnptoms not related to the lover gastro- 
intestinal tract were not included. 

(c) Associated Abdominal and Rectal 
Lesions. In Table 3 the accompanying 
abdominal lesions in cases with rectal 
polyps is tabulated. Au analysis of these 
data convinces one that there is no signifi- 
cant association of other abdominal lesion 
vdth rectal polyps. It should be noted 
that only 4 of these patients had ulcera- 
tive colitis, only 3 had amebiasis, 6 had 
other intestinal parasites, and 10 had 
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benign ulcerative proctitis. There is no- 
evidence that a causal relationship exists 
between any of the associated abdominal 
conditions and rectal polyps. 

Table 3. — Abdominal and Rectal Lesions 
IN 235 Patients With Rectal Polyps 


Lesion No. 

Peptic ulcer 20 

Diverticulosis 19 

Cholelitliiasis 12 

Hemorrhoids 11 

Benign ulcerative proctitis . . .10 

Intestinal parasites 6 

Ulcerative colitis 4 

Amebiasis 3 

Cholecystitis 3 

Gastritis^ 3 

Fistula-in-ano 2 

Appendicitis 2 

Congenital polyposis 2 

Fibroids, acute hepatitis, gastric carci- 
noma, gastric polyp, malnutrition, 
hepatic cySt, typhoid fever ... 1 ee. 


2. Laboratory Examinations and 
Roentgen Rat Findings, (a) Stool Ex- 
aminations. Stool examinations are re- 
ported in Table 4. In 186 examinations 
for occult blood only 62 were positive. 
We cannot say that the stools that were 
positive for occult blood were so because 
of the rectal polyp. The positive tests 
may have been due to an excess of meat 
in the diet, bleeding gums, peptic ulcer, 
hemorrhoids, or to other conditions caus- 
ing occult blood in the stool. 


Table 4. — Occult Blood 

IN THE 

Stool 

Negative examinations . 


124 

Positive examinations 


62 

1+ ... . 

. 28 


2+ ... . 

. 17 


Z+ ... . 

7 


i+ ... . 

. 10 



(6) Hemoglobin Determinations. Table 5 
presents the hemoglobin determinations in 
218 patients with rectal polyps. Of this 
number only 35 had a hemoglobin less 
than 12 gm. Analyses of these 35 cases 
showed the anemia to be associated with 
other conditions in 21 cases. In only 14 
of the 218 cases could the anemia possibly 
have been due to the rectal polv-p. From 
these data, it is obi-ious that anemia is 
not usually a finding in patients -with rectal 
polx-ps. 


Tabi.e 3. — Hemoolobin in Patients With 
Rectal Polyps* 

No. 

Hemoglobin determination .218 

Hemoglobin less than 12 gm. . . 35 

Anemia associated virith. other con- 
dition 21 

Anemia associated with polyp (be- 
nign) (anemia not explained) . 7 

Anemia associated -with polyp (malig- 
nant) 4 


* White blood coimt was normal except when 
elevated due to other conditions. 

(c) Barium Enema Examinations. In 
Table 6 the results of Roentgen ray ex- 
aminations of the colon in patients with 
rectal polyps are presented. It will be 
seen that an associated l^ion is quite 
infrequent. With 179 ordinary enema 
examinations, colonic polyps above the 
rectum were found in only 5 cases. With 
43 double contrast enema examinations, 
other polyps were found in 12 cases. This 
clearly demonstrates the value of a double 
contrast barium enema examination in 
the diagnosis of colonic polyps by Roentgen 
ray. It shows the necessity of a double 
contrast barium enema in every patient 
with a rectal polyp. 

Table 6.— Roentgen Findings in Patients 
With Rectal Polyps 


Regular barium 

Double 


enema 

contrast 

Total number done . 

179 

43 

Negative . • . 

115 

31 

Spastic colon , 

47 


Diverticuli 

14 


Polyps (colonic) . 

5 

12 

Non-rotation of cecum 

2 


Ulcerative colitis . 

2 

192 

Examinations not done 

56 


3. Pathology of Rectal Polyps. Of 
235 patients in our series, 167 had their 
polyps removed, 68 failing to do so. In 
32 patients multiple polyps were demon- 
strated, and 14 patients had recurrent 
polyps. The 167 patients had 175 polyps 
removed, 8 patients ha-ving more than 
1 polyp. 

(a) Gross Pathology. In Table 7 the 
gross appearance of the polyp is tabulated. 
It is apparent from a comparison of the 
general appearance of the benign and 
malignant pol.vps that there is no apparent 
difference. It cannot be assumed that a 
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polyp is benign, because it is small, pea- 
sized or sessile. The only way that one 
may determine whether aiiy particular 
polyp is benign or malignant is by the 
histologic report. This is in agreement 
with the findings of Martin.® 

In this connection, however, there is 
one point of some importance. Only 5% 
of the 273 benign polyps were ulcerated, 
whereas 37.5% of the 16 malignant were 
ulcerated. Although ulceration of a polyp 
is not diagnostic of malignancy, ulceration 
occurred over 7 times as frequently in the 
malignant group of polyps as in the same 
number of benign polyps. (The greater 
total number of ulcerated benign polyps 
found (see Table 8), as compared with the 
total number of ulcerated malignant 
polyps, is obviously due to the fact that, 
in the total group, there were 17 times as 
many benign polyps as there were malig- 
nant polyps). 


Table 7.— Gross Appearance op Rectal 
Polyps 


Appearance 

Benign 

Malignant 

Small, pea-sized 

. 84 

1 

Pedunculated . 

. 68 

8 

Sessile 

56 

5 

Not stated 

65 

2 

Total polyps 

. 273 

16 289* 

Ulcerated 

14 (5%) 

6(37.5%) 


* This totals more than 235, because some 
patients had multiple polyps and some had recur- 
rent polyps. 

(b) Microscopic Pathology. In Table 8 
the microscopic findings in the rectal 
polyps is presented. Of the 175 biopsies, 
36 showed some suggestion of malignancy 
on the microscopic examination, although 
they could not be classed as malignant. 
It must be remembered that an adenoma 
frequently is grooving and proliferating; 
hence one would expect to see some evi- 
dence of that growth in the cells present. 
We do not believe that the presence of one 
or more signs of malignancy, without inva- 
sion of the basement membrane, indicates 
necessarily that the polyp will become 
malignant. It also is to be noted that in 
the 16 cases of definite malignant aden- 
omas, none of them were greater than 


Grade II in malignancy. This is in agree- 
ment with Buie® who found that adenoma- 
tous polyps associated with malignant 
changes have a uniformly low grade of 
malignancy. 


Table 8. — Microscopic Findings in Rectal 
POLPYS 


Classification 


No. 

Benign 


123 

Benign but with signs of malignancy 

36 

Mitotic figures . 

19 


Hyperchromatic nuclei . 

14 


Piling up of epithelium . 

19 


One sign 

21 


Two signs .... 

14 


Three signs .... 

1 


Malignant . 


16 

Grade 1 

10 


Grade 2 

5 


Unclassified 

1 


Total biopsies 


175 


4. Follow-up Study of Patients With 
Rectal Polyps, (a) Five to 11 Year Fol- 
low-up. Table 9 presents the number of 
cases we were able to follow for from 5 to 
11 years. The minimal length of follow- 
up included in the table was 5 years. Ten 
patients with benign polyps could not be 
followed for 5 years, because they died of 
other causes before the end of the 5 year 
period. Of the 159 patients with benign 
polyps, we were able to follow 117 (74%) 
for 5 years. Of the 68 patients who did 
not have their polyps removed, we were 
able to follow 43 (63 %) for 5 years. 

Table 9. — Five Year Follow-up op Patients 
With Rectal Polyps 


No. 

5 to 1 1 year follow-up . . . 174 

Beoign 117* 

Not removed . . . 43t 

Malignant .... 14 

No follow-up 61 

Benign, removed ... 24 

Not removed . 25 

Benign, removed, died of 
other causes ... 10 

Malignant 2 

Total 235 


* 74%. 
t 63%. 

(6) Fixe Year Incidence of Malignancy 
in Operated and Unoperated Polyps. In 
Table 10 both the incidence of malignancy 
in biopsied rectal polj'ps and the incidence 
of development of malignancy of the rec- 
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turn in a 5 year follow-up observation of 
operated and unoperated groups of eases 
are presented. The incidence of malig- 
nancy in rectal polyps on first examination 
was found to be 5.9 %. This incidence of 
malignancy is in close agreement with the 
autopsy series of Lawrence,’ in which he 
found 6.5% of polyps were malignant. 
This indicates that there is a rather low 
yet definite incidence of malignancy in 
rectal polyps. 


tbeirpolyps removed (6.9 %) actuallysbould 
equal the 5.9 % incidence of carcinoma in 
those removed on first examination plus 
the 2.5% incidence of those in this same 
group that developed carcinoma in the 
subsequent 5 years (8.4%). The 2 figures 
are closely parallel. This indicates that 
the group in which the polyps were not 
removed developed no more carcinoma in 
5 years than the group in which the polyps 
were removed. This is strong evidence, 


Table 10.— Incidence of Malignancy and 5 Year Follow-vp of 
Patients With Rectal Polits 

No. 

patients 


% 


A. Total number biopsied on first examination 167 

1. Carcinoma present on first examination 10 

2. Benign polyps removed 157 

(a) Total benign polsms removed, followed 5 yrs 117 

(5) Number subsequently developed carcinoma of rectum . 3 

B. Total number polyps not removed, followed 5 yrs. or more . . 43 

Number subsequently developed carcinoma of rectum ... 3 

C. Total number malignant polyps removed 16 

(fl) Number malignant polyps removed, followed 5 yrs. ... 14 

(6) Number cases well 5 yrs. or more after excision .... 13 



8.4 


6.9 


In the group that had their benign 
polyps removed, 3 cases (2.5 %) developed 
carcinoma of the rectum in a subsequent 
5 year period, making the total early and 
later incidence of carcinoma in the op- 
erated group 8.4% (5.9% plus 2.5%). In 
the non-operated group of rectal polyps 
the incidence of rectal carcinoma over a 
corresponding period of 5 years was 6.9 %. 
These observations obwously fail to sup- 
port the theory that benign rectal polyps 
tend to become malignant (see Table 10). 
In our observation, however, in the group 
that did not have their polyps removed, 
only 6.9% of the cases subsequently de- 
veloped carcinoma during the 5 year 
period. This incidence of malignancy is 
almost the same as the initial 5.9% inci- 
dence of malignancy in those polyps that 
were removed on first examination. 

If benign rectal poLqis become malig- 
nant vith the passing of time, one would 
e,xpect a much higher incidence of malig- 
nancy in polyps that have been present 
for 5 ye.ars than in those that arc removed 
at once. Furthermore, the incidence of 
carcinoma in the group that did not have 


as noted above, that malignant polyps are 
either malignant in the beginning, or else 
become malignant early, and that benign 
poljqjs do not become malignant tvith the 
passing of time. 

It can also be seen from Table 10 that 
we were able to follow 14 of the 16 patients 
with malignant polyps for 5 years. Only 
1 of these 14 patients followed died of 
carcinoma of the rectum in the 5 year 
period. This is evidence (1) of the lov 
grade of malignancy that is usually present 
in rectal polyps, and (2) of the value of 
early removal of rectal polyps. 

Summary, A review of the literature 
reveals a wide divergence of opinion as to 
the significance of rectal polyps. Reports 
vary from 5 to 85% incidence of malig- 
nancy' in rectal polyps. 

Our series includes 235 cases of rcctil 
polyps, with a 5 year follow-up of 174 
cases. The incidence of rectal polyps in 
routine proctoscopic examinations was 
estimated to be 2.3%. The age and sc.k 
distribution shows that 72% were found 
in the 4th, 5th and Cth decades and that 
<i5% of the ca.ses iverc males. Patients 



COLVEBT, brown: RECTAL POLYPS 


31 


with rectal polyps rarely have symptoms 
referable to the polyps. There is ap- 
parently no relation between rectal polyps 
and other abdominal lesions. Anemia, 
when present, is usually associated with 
other conditions. Stool examinations are 
occasionally positive for occult blood, but 
this finding is usually associated with some 
other intestinal condition. 

Since 2.3% of the patients presenting 
themselves to the Gastro-intestinal Divi- 
sion for treatment had rectal polyps, and 
since there is no other way to diagnose a 
rectal polyp than by proctoscopic exami- 
nation, the gastro-intestinal examination 
of any patient is incomplete without a 
proctoscopic examination. 

Additional colonic polyps were found in 
5 patients out of 179 by routine barium 
enema examinations. However, in 43 pa- 
tients in which double contrast barium 
enema examinations were done, additional 
colonic polyps were found in 12 cases. 
This emphasizes the importance of barium 
enema study, and particularly of double 
contrast examinations in patients with 
rectal polyps. 

There is no relationship of the size and 
shape of the rectal polyp to its tendency 
to be malignant. Ulceration, however, 
occurred 7 times as frequently in malignant 
polyps as in a similar number of benign 
polyps. 

There were 17 times as many benign 
polyps as malignant polyps in the total 
series. Of the 16 malignant polyps that 
were found, none had a malignancy higher 
than Grade II. This indicates the low 
grade of malignancy in malignant rectal 
adenomata. Of the 16 cases of malignant 
polyps which could be followed for 5 years, 
13 were well at that time. This also indi- 
cates the rather low grade of malignancy 
usually present in rectal adenomata. 

The incidence of carcinoma on first 
examination by biopsy after removal was 
0.9%. Of this group that had their 
polyps removed, an additional 2.5% de- 
veloped carcinoma of the rectum within 
5 years. This means that S.4% of the 
patients who had their rectal polyps 


promptly removed exhibited rectal malig- 
nancy within a 5 year period. The group 
that did not have the polyps removed had 
an incidence of malignancy over a cor- 
responding 5 year period of 6.9%. The 
fact that this latter percentage is a little 
lower than 8.4% is almost certainly not 
significant but due rather to the fact the 
latter percentage was obtained ' from a 
smaller series of cases. This would indi- 
cate that malignant rectal polyps are 
either malignant in the beginning or tend 
to become malignant early. There is no 
evidence in this study that malignancy 
tends to develop in benign rectal polyps 
after some length of time. 

It is common knowledge that a certain 
number of patients die from malignant 
rectal polyps. The only question is, are 
these polyps malignant from the beginning 
in most instances at least, or do they tend 
to become malignant with the passage of 
time? The same division of opinion rela- 
tive to malignant gastric ulcer has existed 
for many years. 

Conclusions. 1. Rectal polyps rarely 
present symptoms suggestive of their 
presence. Only 12 % of our patients had 
symptoms that could possibly be related 
to the rectal polyp and in most of these 
cases these symptoms were apparently 
due to other causes. 

2. Examination of a patient is incom- 
plete without a proctoscopic examination. 

3. Patients with rectal polyps should 
have a double contrast barium enema 
study to rule out polj'ps higher in the 
colon. 

4. One cannot be guided by the size, 
shape or general appearance of a rectal 
polyp as to whether it is malignant or 
benign. There is a much higher percentage 
of ulceration in malignant polyps than in 
benign polyps. 

5. All rectal polyps should be removed 
promptly, because only by biopsy can one 
determine if they are malignant or benign, 
and only in this way can the patients be 
given the maximum chance of a permanent 
cure, and without major surgery. 
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6. Rectal polyps, when malignant, are 
usually of a low grade of malignancy. 

7. The biopsy incidence of malignancy 
on first examination in the rectal polyps in 
this series was 5.9 %. 

8. The total incidence of malignanc 3 ’’ 
for the 5 year period is not significantly 
different in the group that had their polyps 
removed (8.4%) than in the group that 
did not have their polyps removed (6.9 %). 

9. The observations noted above strong- 


Jy suggest that malignancy usually either 
develops very early in rectal polyps or is 
present from the start. There is no evi- 
dence available from this study that 
benign adenomata of the rectum become 
malignant with the passage of time. 

10. The prompt removal of the majority 
of rectal polyps in this group of cases 
resulted in a 5 year cure without any 
major surgery in 13 of 14 patients with 
malignant rectal polyps. 


The authors are indebted to Dr. John G. Mateer, Chief, Division of Gastro-intestinal Diseases, 
Department of Medicine, Henry Ford Hospital, for his helpful suggestions and critical comments in 
preparing this paper. 
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ATTEMPTS TO INHIBIT RH ANTIBODY PRODUCTION IN RABBITS 

Use of Ethylene Disulphonate, Sodium Salicylate, Pyuibenzamine, and a 

AND B Specific Blood Substances 

By William F. Scherer, M.D. 

FELIiOW, DEPARTMENT OP OBSTETRICS AND GYNECOLOGY 
ROCHESTER, NEW YORK 

(From the University of Rochester School of Medicine and Dentistry) 


Until recently, erythroblastosis fetalis 
had been treated principally postpartum. 
The association of the presence of Rh anti- 
bodies in the maternal blood with the 
occurrence of erythroblastosis fetalis has 
led to attempts to abolish the antibodies 
in the pregnant woman, with the hope of 
preventing or decreasing the severity of 
the disease. Theoretically, maternal cir- 
culating antibodies could be decreased or 
abolished by (1) inhibition of the produc- 
tion of antibodies, (2) neutralization of 
the maternal circulating antibodies by a 
corresponding Rh hapten, (3) prevention 
by some other, so far unknown, means of 
the antigen-antibody combination from 
going to completion, or (4) removal of the 
circulating antibodies by some mechanical 
means such as plasmapheresis. This lat- 
ter principle is now being applied to the 
newborn fetus when an exsanguination 
transfusion is done. An approach to the 
first possibility has been suggested by 
Wiener,^ in which he proposes giving an 
antigen more potent than the Rh antigens 
and, thus by a competition of antigens, 
causing the antibody producing mechan- 
ism, whatever it may be, to produce the 
antibody corresponding to the antigen 
given instead of the Rh antibodies. Two 
chemotherapeutic approaches have been 
suggested, although it is not knorni by 
what means their proposed effectiveness 
in reducing circulating Rh antibodies 
occurs. One, as suggested by Homburger,^ 
is the administration of sodium salicylate, 


along with Macaques rhesus cells, to rab- 
bits and guinea pigs, and so reduce the 
production of Rh antibodies in these 
animals. The other, as reported by 
Kariher and Miller,^ is the administration 
of ethylene disulphonate* at weekly inter- 
vals during pregnancy, thus causing a re- 
duction in Rh antibody levels instead of 
the usual continued rise up to term. 

The purpose of this paper is to report 
our attempts to inhibit or reduce Rh anti- 
body production in rabbits by the use of 
(1) ethylene disulphonate, (2) salicylates, 
in an attempt to duplicate Homburger’s 
experiment, (3) A and B specific blood 
substances,! in accordance with Wiener's 
theory, and (4) Pyribenzaminef with the 
idea that histamine might be related to 
antibody production and, therefore, an 
antihistamine drug might reduce antibody 
production. 

Procedure. Various^ colored healthy 
female rabbits were used with one exception 
in the ethylene disulphonate experiment 
where a male (Rabbit 2) was used. They 
were given 2 series of 3 daily intravenous 
injections of 1 cc. of 1:100 dilution of citrat- 
ed Macaques rhesus blood with an interval 
of 4 days between the series. The rhesus 
blood was taken from the same monkey 
for all but the control experiment. Before 
the rhesus ceU injections, and at certain 
intervals during the experiments, 5 cc. of 
blood were taken from the marginal ear 
veins by means of a cut with a razor blade. 
After centrifugation, the serum was removed 
and inactivated for -1 hour at 52° to 56° C. 


* The ethylene disulphonate (AUergosil Brand) was generously supplied by the Spicer-Gerhart 
Company, Pasadena, California, in 2 cc. sterile ampoules of a l:10-i5 dilution in triple distilled water. 

T Blood group specific substances A and B were generously supplied by Sharp <fc Dolime, Phila- 
delphia, Pennsylvania, as a sterile solution. 

t ftTibenzamine HCl was generously pro^•ided by the Ciba Pharmaceutical Products, Inc., Summit 
Now Jersey, as the dry sterile powder. This was dissolved in sterile water to make the 1% solution used. 
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Because most of the normal rabbits’ 
sera contained agglutinins and conglutinins 
against the ORhiRhjM test cells, the follow- 
ing technique for absorption of these un- 
wanted antibodies was used. One cc. of 
the inactivated serum was mixed with 5 cc. 
of packed ORh-M or ORh-MN red blood 
cells which had been washed 3 times with 
normal saline and packed in 15 cc. conical 
centrifuge tubes by centrifuging at approx- 
imatel}'' 2000 r.p.m. for 10 minutes. This 
serum-red blood cell mixture was allowed 
to stand at room temperature for 1 hour, 
during which it was mixed 4 to 5 times by 
inversion of the centrifuge tubes. The red 
blood cells were packed again and the ab- 
sorbed serum removed. Four persons of 
T 3 fpes ORh-M or MN* were used as sources 
for the absorbing red blood cells. Two were 
used for the control experiment. At a later 
date, the same 2 plus 2 others were used, 
each for 1 of the other 4 e.xperiments; so 
that in all but the control ex^periraent, red 
blood cells from the same person were used 
for the absorptions in anj'' 1 experiment. 
It was found that 3 cc. of packed red blood 
cells would completely absorb the anti-0, 
anti-M, and probablj'' anti-human antibod- 
ies from some of the rabbit sera, but that 
some sera required 4 or 5 cc. to absorb these 
antibodies. Therefore, 5 cc. were chosen 
as the most satisfactory’' amount, and it 
proved to be so in all cases except Rabbits S, 

7, and S in the ethylene disulphonate, A and 
B substances, and sah'cylate experiments 
respectively, where the conglutinin Rh anti- 
body' persisted to a slight extent after the 
above absorption. Since the test cells used 
were of Group 0, it was felt that the absorp- 
tion of anti-0 and anti-human antibodies 
was essential. Anti-M antibodies were ab- 
sorbed because it has been shown that rhesus 
cells given to rabbits may cause the pro- 
duction of anti-M antibodies.’ 

Both agglutination and conglutination 
techniques were used in testing for the Rh 
antibodies. Three drops (each drop equals 
appro.ximntely' 0.05 cc.) of the inactivated, 
absorbed serum were mixed in 60 by 10 mm. 
tubes with 1 drop of a 2% suspension of 
ORhiRIpM red blood cells in saline or AB 
serum (for agelutination or conglutination 
respectively). Tlie test red blood cells were 
always fresh and came from the same person 
throughout the experiments. After incuba- 

* Rh — mrnn' rofi Wood rolls civine n* 
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tion at 42° C. for 1 hour and centrifugation 
at 500 r.p.m. for 1 to 2 minutes, the amount 
of agglutination or conglutination was mea- 
sured. Red blood cell clumping, easily 
•vdsible macroscopically, was graded 4-f . If 
this was not present, a drop of the mi.xture 
was removed with a glass rod to a slide and 
examined microscopically under low power 
for decreasing degrees of clumping classified 
as 3-jr, 2-f-, 1-f- and =fc, the latter being the 
least amount of clumping discernible micro- 
scopically. 

In the case of the A and B substances 
experiment and the A and B substances con- 
trol experiment, where the anti-A and anti-B 
titers were measured, the serum was inacti- 
vated and absorbed as above, e.xcept that in 
the A and B substances control experiment, 
ORh -h M cells from a constant source were 
used. Serial dilutions of 1:2, 1:4, 1:8, etc., 
were then made ■with a pipette in 60 by 10 
mm. tubes, starting with 0.1 cc. of serum and 
0.1 cc. normal saline. To these saline dilu- 
tions was added 0.1 cc. of a fresh 2% saline 
suspension of ARh-MN or BRh-]NIN red 
blood cells each from the same source 
throughout the experiments. The tubes 
were shaken and allowed to stand at room 
temperature for 1 hour, after which they’ were 
centrifuged at 500 r.p.m. and read macro- 
scopically and microscopically as in the Rh 
antibody tests. 

Control Experiment. Nine rabbits with 
average weights ranging from Bf to 9| Ib.c. 
(average 8 lbs.) during the 64 day's of the 
experiment were given rhesus cells as above 
on Days 1, 2, 3, 8, 9, 10. The occurrence of 
agglutinating and conglutinating antibodies 
was tested for on the 7th, 14tb, 17th, 2.3rd, 
29th, 3Sth and 64th days. The re.sults arc 
recorded in Figures 1 and 2, 

Ethijlcne Disulphonate Experiment. Eight 
rabbits with average weights ranging from 7 
to Ilf lbs. (average 81 lbs.) during the 38 
days of the e.xperiment were fpven the rhesus 
cells on Days 1, 2, 3, 8, 9, 10. On every 
3rd dav from Day I through Day 28, and 
on Days 31, 32, 34, 36, 38 they were given 
0.5 cc. of ethylene disulphonate (1:10 
dilution in sterile triple distilled water) 
intramuscularly into the hamstring muscles 
alternating between the right and left side.?. 

In accordance with the instructions accom- 
panying the solution, no antiseptic was used, 
the shaved skin merely being wiped off with 

accliitination with anti-Rho 
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diy sterile cotton, and the solution was 
rapidly drawn into the syringe without the 
needle, the needle then attached, and the 
solution promptly injected. Serum for the 
29th day test was drawm about 24 hours, 
and on the 38th day, about 2 to 3 hours 
after an ethylene disulphonate injection. 
Rabbits 2 and 7 were given no ethylene di- 
sulphonate after the 31st day to determine 
whether the Rh antibody response of these 
2 would differ from that of the other 6 rab- 
bits who were receiving ethylene disulpho- 
nate at a frequency increased over that of 
the first 29 days. 
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Salicylate Experiment. Eight rabbits, with 
average weights ranging from 5f to 7| lbs. 
(average 6| lbs.) during the 26 days of the 
experiment, were given rhesus cells on Days 
4, 5, 6, 11, 12, 13. Then 0.5 gm. of sodium 
salicylate as 10 cc. of a 5% sterile aqueous 
solution* (slightly more than 0.16 gm./kg.) 
was given subcutaneously daily from Day 1 
through Day 18 (48 hours before the &st 
sera for Rh antibody testing was obtained). 
This plan was adopted in an attempt to du- 
phcate the conditions of a similar experiment 
reported by Homburger.^ Daily injections 
were then given from Days 20 to 26. Serum 
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Fia. 1. — * During this period, ethylene disulphonate was given to all except Rabbits 2 and 7. 
+ Pyribenzamine HCl was omitted on the 34th das^: otherwise the injections were daily. 


Pynhenzaminc Experiment. Six rabbits, 
tvith average weights ranging from 6| to 
Sy lbs. (average 7^ lbs.) during the 38 daj^s of 
the experiment, were given tlie rhesus cells 
on Days 1, 2, 3, 8, 9, 10. Dail}", except for 
the 34th da 3 % the 3 ’^ were given 10 mg. (ap- 
proximatelj’- 3 mg./kg.) of P3Tibenzamine 
HCl as 1 cc. of a 1 % sterile aqueous solution 
subcutaneoiislj’. Serum for testing was 
taken approximate!}’- 24 hours after a P}’Ti- 
benzamine injection. 


salicylate levels were taken on Day 18, ap 
proximately 20 hours after the previous 
sodium salicylate injection, and on Day 22, 
approximately 1 to 2 hours after the prcAdous 
sodium salicylate injection. 

A and B Specific Blood Substances Experi- 
ment. Seven rabbits, with average weights 
ranging from 6 to 8| lbs. (average 7 lbs.) dur- 
ing the 37 days of the experiment, were given 
rhesus cells on Days 1, 2, 3, 8, 9, 10. On Days 
2 and 9 they were given 0.2 cc. of A and B 


* Eli Lilly and Co. 
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specific substances intravenously. Serum 
samples on Days 0, 29 and 37, were tested 
for Rh, anti-A and anti-B antibodies. 

A and B Specific Blood Substances Control 
Experiment. Three rabbits, with average 
weights ranging from 6 to lbs. (average 
7| lbs.) during the 15 days of the avperiment 
were given 0.2 cc. A and B specific substances 
intravenously on Days 1 and 7. Serum was 
drawn on Days 0, 7 (before the A and B 
substances injection on that day), 11 and 15. 
It was inactivated, absorbed and titered as 
explained above. 


38th day. This was done in order to 
determine whether the substances under 
study would hasten or delay the peak of 
antibody response. 

It appears from these results that none 
of the tested substances appreciably re- 
duce or inhibit Rh antibody production. 
There are, in fact, higher incidences of Rh 
antibody occurrence in the ethylene di- 
sulphonate experiment on the 3Sth day, 
and, in the salicylate experiment, on the 
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Pig. 2. — * During this period, ethylene disulphonate ivas given to all except Rabbits 2 and 7. 
-f PiTibenzamino HCI was omitted on the 34th day; otherwise the injections were daily. 


Discussion. The e.xperiments show that 
following the injection of Macaques rhesus 
cells, botli agglutinating and conglutinat- 
ing Rh antibodies are formed in from 
GG to 100 % (average So %) of the rabbits. 
In the control e.xperiment, the highest 
incidence of the occurrence of Rh anti- 
bodies seems to be around the 29th day 
after the first rhesus cell injection, and 
it is for this reason that this day was 
chosen in tlie other c.xpcriments to test 
for Rh antibodies. In addition, in these 
e.vperiinents, tlie sera were tested on the 


17th daj' than in the control experiment. 
These differences might be due to the fact 
tliat a different monkey’s filood was used 
in the control experiment than in the 
ethylene disulphonate and salicylate ex- 
periments. 

Tlie failure of these substances, as used 
in these e-xperiments, to reduce or inhibit 
Rh antibody production in rabbits docs 
not necessarily mean that they will not 
be effective in humans. In fact, ethylene 
disulphonate seems to have had an effect 
in the 3 pregnancy cases reported by 
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Kariher and Miller ,2 although it is made the 2nd injection, on the 7th day, there 
clear that those cases are only a pre- seems to be no further rise, at least during 
liminary report. Although we have at- the next 8 days. These 15th day anti-A 
tempted to duplicate the experimental titers of the control rabbits seem to be 
conditions of Homburger’s^ work, our about the same as the 29th and 37th day 
results indicate no inhibition or reduction titers of the rabbits which had also been 
of Rh antibody production by sodium given the Rh antigen. It is concluded, 
salicylate and so are contradictory to his therefore, that the rabbits given rhesus 
results. It can only be said that Pyriben- cells, in addition to the A and B sub- 
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Fig. a. — On this day tlie A and B specific substances vere given after the sera for the titers were taken. 

? Insufficient sera for this titer. 

/ 

, zamine exerts no inhibitory effect on Rh stances, produced a rise in their anti-A 
antibody production in rabbits, under the titers, and that that rise is approximately 
conditions of this experiment. It has in the same as that occurring in control 

the past been reported to have no effect rabbits given only A and B substances. 

; in reducing precipitin titers in viiro or It is worthy to note that there was not 

complement titers in vivo. only a significant rise in the total anti-A 

; From Figure 3 it can be seen that after titers but also in the amount of 4-1- ag- 
'' 1 injection of 0.2 cc. A and B substances glutination. In neither the control nor ' 

K intravenously, the anfi-A titers of the con- experimental rabbits was there any ap- 

j- trol rabbits ro'^e by tlic 7th day. After preciable rise in anti-B titers. 
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Assuming that the human blood Group 
A antigen in the A and B specific sub- 
stances is a potent antigen, and that it is 
a more potent one than the Rh antigen 
on the rhesus cells, the appearance of Rh 
antibodies in these rabbits, similar to 
those of the Rh control rabbits, would not 
seem to lend support to Wiener’s theory 
of competition of antigens.^ In 1 case 
mentioned by Kariher and Miller,*^ admin- 
istration of A and B specific substances at 
weekly intervals during the last 6 months 
of pregnancy had no effect on the course 
of Rh antibody production, with the 
result that an infant was born which died 
of hemolytic disease of the newborn. 

Sera from 2 of the Pyribenzamine rab- 
bits (No. 1 and 6) were tested with ORhoM 
cells and found to give identical agglutina- 
tion as with ORhiRhjM test cells. Due 
to the rarity of rh' and rh" cells, we were 
unable to test the sera for anti-rh' and 
anti-rh" antibodies. From this, it can 
only be concluded that these rabbits pro- 
duce at least anti-Rho antibodies. 

Many of the sera were titered using 
saline and AB serum dilutions of the rab- 


bit sera for agglutinating and conglutinat- 
ing titers respectively. It was found that, 
noth but 2 exceptions, all of the sera did 
not titer past the 1:1 dilution using the 
agglutination technique. Two sera titered 
to a 1:2 dilution. Using the conglutina- 
tion technique, however, many of the sera 
titered to 1:4 or 1:8 and one as high as 
1:32. 

In the salicylate experiment, no free 
salicyl radical was demonstrable in the 
sera 20 hours after an injection of sodium 
salicylate. However, between 1 to 2 
hours after a salicylate injection, levels 
ranging from 36 to 44.8 mg. % were ob- 
tained in all 8 rabbits.* 

Summary. 1. A method is presented 
for producing Rh agglutinating and con- 
glutinating antibodies fairly consistently 
in rabbits. 

2. Under the conditions of these experi- 
ments, no effect in reducing or inhibiting 
Rh antibody production in rabbits could 
be demonstrated by the administration of 
(1) ethylene disulpbonate, (2) sodium 
salicylate, (3) Pyribenzamine HCl or (4) 
A and B specific blood substances. 


I am deeply indebted to Dr. Donald H. Karilier for his supervision and guidance througliout llu'>.e 
experiments, and for enabling me to use his laboratory facilities. 

REFERENCES 

1. HoiiBtmoER, F.: Proc. Soc. Exp. Biol, and Med., 61, 101, 1940. 

2. Karihek, D. H., and Miller, D. I.; Am. J. Obst. and Gynec. (Jn press). 

3. L.\.kdsteiner, K., and Weeneb, A. S.: J. Immunol., 33, 19, 1937'. 

4. 'Wiener, A. S.: Proc. Soc. Exp. Biol, and Med., 58, 133, 1945 . 

* The results have been re^dewed by a statistical consultant, Dr. James A. Rafferty, and he stati- 
that using the Binomial Law, and testing the Null Hypotheses between each of the experimental group 
and the control group, no comparison of the number of rabbits producing no Rh antibodies cxcco 
the 20% Level of Significance. Furthermore, in everj' comparison tlie sample sire is large cnoiig i " 
detect a total inhibition of Rh antibodies with better than a 95 % certainty. 



fisher: variations in the prothrombin test technique 


39 


VARIATION IN THE PROTHROMBIN TEST TECHNIQUE 
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The recent literature places a great deal 
of emphasis on the many variations in 
performing the prothrombin test. It is 
quite evident that these variations in prac- 
tice lead to much confusion in the inter- 
pretation of the results obtained, and in 
the guidance of dicoumarol (3,3'-methyl- 
enebis-4-hydroxycoumarin) therapy. The 
errors introduced by the use of whole 
blood “rapid tests” and diluted plasma 
have been discussed in a previous com- 
munication.® 

Recently, Martin et alJ^ reported the 
differences produced by variations in the 
order of mixing the reagents. One of 2 
procedures is usually followed; in Quick's 
method,® 0.1 cc. of whole plasma is mixed 
with 0.1 cc. of thromboplastin emulsion 
and then 0.1 cc. of 0.025 M CaCh is added; 
in the Link®-Shapiro® methods, the throm- 
boplastin and calcium are premixed and 
the plasma is added to this mixture of 
reagents. Using Brambel’s modification^ 
of the Quick method, Martin and his co- 
Avorkers found that addition of the plasma 
to the premixed calcium-thromboplastin 
solution produced shorter plasma clotting 
times than Avhen plasma and thromboplas- 
tin were first mixed, and the CaCln added 
later. Brambel’s modification uses whole 
plasma diluted to 12.5 % Avith 0.9 % NaCI 
solution. 

This variation in methods Avas studied 
in our laboratory in conjunction AAnth other 
experiments on the prothrombin test. 

Experimental Work. A series of 10 
“normal” patients, free from hepatic or 
cholecystic disease or blood dyscrasias, 
Avas studied. Difco thromboplastin (ace- 
tone — dehydrated rabbit brain) AA’as used 
in these tests. Using whole plasma, pro- 
thrombin times were performed by the 


method of Quick and by the Link modifi- 
cation (see above). Each plasma was 
diluted AAuth 0.9% saline solution to pro- 
vide plasma concentrations of 100, 50, 
40, 30, 20 and 10%; 3 determinations, by 
each method, were carried out at each 
dilution. The 3 values were then averaged 
and the resulting hyperbolic curves Avere 
plotted for each plasma. A composite 
curve of the 30 determinations by each 
method is shoAvn in Figure 1. The mean 
standard de\dation for each dilution was 
calculated, and also the standard deAua- 
tion of the differences of the means, using 
the formulie : 


(mean standard deviation) cr = 



and 


(standard deAuation of difference of the means) 


Cd 


Ni^Nj 


These results are indicated in Table 1 . 

Results. As seen in the composite 
curves (Fig. 1), prothrombin times AAuth 
AAdiole plasma (100% concentration) and 
in dilutions to 30 % Avere shorter by 
Quick’s method than by the Link modifi- 
cation. At plasma concentrations of 10 
to 20 %, the clotting occurred more quickly 
by the Link method. 

In each case, a peculiar effect occurred 
betAveen the dilutions of 20 and 30%; the 
curA-^es crossed each other. So far, no 
explanation can be offered for this phe- 
nomenon. HoAveA’^er, it is most interesting 
that this occurred in each plasma sample. 
Since both methods used diluted plasma 
this “crossing point,” the possibility of 
dilution of “antiprothrombins” in either 
method can be excluded. 

From the computation of the standard 
dcAnations (Table 1), it may be seen that 
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there is a much smaller standard devia- 
tion by Quick’s method than by the Link- 
Shapiro technique. At all points on the 
curves, except 1 (20%), the difference in 
values between the 2 procedures is greater 
than 3 times the standard deviation of the 
differences of the means. This indicates 
that the difference in these 2 methods is 


statistically significant, since they are 
greater than 3 times the standard deraa- 
tion of the difference of the means. The 
actual standard deviation at each plasma 
dilution is shown to be less with the 
method of Quick. The plasma clotting 
times were more rapid between 100 and 
30% by Quick’s method, but were more 


Table 1. — Comp.vrisox of the Standard Deviation bt the Methods of Quick and Link 

Standard deviation of the difference 

Quick Link of the means 

rrothrombiii — ■ . ^ . . . 


(%) 

.-tv. (sec.) 

S.D.» 

.4v. (see.) 

S.D. 

Diff. (see.) 

S.D.Dt 

3 X S.D.d 

10 . 

. 74.2 

±5.3 

58 .4 

±9.1 

15 8 

±1.93 

±5.79 

20 . 

37 o 

±3.8 

■ 35.6 

±4.4 

1 9 

±1.08 

±3.24 

30 . 

. 27.1 

±2.9 

28 .4 

±4.0 

1 3 

±0 29 

±0.87 

40 . 

22.1 

±2.0 

25.3 

±3.6 

3 2 

±0.75 

±2 25 

SO . 

. 19.0 

±1.6 

23.2 

±2.9 

4 2 

±0,61 

±1,83 

100 , 

. 14 4 

±0.9 

19.9 

±2,9 

5 5 

±0 18 

±0.54 


* S.D, = standard deviation. 

t S.Dd = standard deviation of tlie difference of ttie means. 



Concentration of Plasma Prothrombin in Per Cent 
Flo. I. — Composite curves of a study on ten patients. 


statistically significant, and that one pro- 
cedure cannot he substituted for the other. 

Summary. Two variations in the pro- 
thrombin test technique have been dis- 
cussed, iind a laboratory study and com- 
parison of these methods is prc.sentcd. A 
statistical study of the results has been 
made and shows that the differences in 
valne.s obtained by the two methods are 


rapid between 10 and 20% by the Link 
modification. 

As shown by the increasing standiird 
deviation with the increaserl dilution of 
the plasma, by either method, the value 
of using diluted plasmsi fepeeially saline 
dilution.s) in the prothrombin tc.st is 
doubtful. 


Tiic .•rulbiir H-i-li*" ><> •■\j>ri — • lii-< .upprccintion to Dr. .Iu!t«i TI. f,'i‘=r, fur liK interval nrid n'-isfrinrv 
ill t!d' wrirk. 
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The victims of excessive environmental 
temperature develop 1 of 3 fairly well 
defined clinical states : (a) heat e.xhaustion 
(heat prostration) characterized little, 
if any, elevation of rectal temperature, 
normal or reduced skin temperature, pro- 
fuse sweating, and syncopal sjTuptoms; 
(d) heat cramps, characterized by painful 
spasms of skeletal muscles, diminished 
concentration of sodium and chloride in 
the blood,*® relieved by administration of 
salt water; and (c) heat pyrexia (heat- 
stroke). It is believed that the term 
"heat pjTexia” (as employed by Talbott*®) 
is more descriptive and, hence, more desir- 
able than "heatstroke,” "sunstroke,” etc. 
In this communication the terms are used 
sjuionymously. Victims of heat pjTexia 
present a striking clinical picture, with 
marked elevation of bodj' temperature, 
often as high as 110° F., prolonged coma, 
hot, dry, flushed skin, a bounding pulse, 
convulsions, petecliiie, and often a fatal 
termination in vascular collapse, some- 
times associated with pulmonary edema. 
Dissatisfaction with the results of treat- 
ment of this malignant disorder led to a 
review of available literature, and to the 
experimental study herein described. 

Re%t:ew of the Literature. From 
the literature, it is apparent that many 
fundamental facts of etiology, pathogen- 
esis, pathologic physiology and principles 
of treatment are well established. It is 
also apparent that there are gaps in this 
knowledge, bridged—in Hcu of controlled 
research — by empiricism. This informa- 
tion may be summarized as follows: 

1. Ileal pyrezia occurs under enriron- 
mmtaJ conditions ^rhick strain the heat 


dissipating mechanisms to the utmost. In 
the normal subject, thermostasis is achiev- 
ed by a delicate balance between chemical 
heat production and physical heat loss. 
For the production of heat pjTexia, an en- 
loronmental temperature e.xceeding body 
temperature — permitting heat loss only 
by evaporation — has been found by ail 
observers v’hose reports have come to our 
attention. Willcox,*® Morton,*® Borden et 
al.,^ and others have stressed the etiologic 
importance of high relative humiditj'^ and 
high wet-bulb thermometer readings, con- 
ditions rendering heat loss by evaporation 
diflicult. Besides such an enrironment, 
the outstanding predisposing factors are 
age and alcoholism. The analyses of 
Gauss and Meyer,® and Ferris ct of.® sug- 
gest that it is acute alcoholism, per se, 
whether in the chronic alcoholic or not, 
which predisposes to heat pjTexia; that 
the chronic alcoholic is most susceptible 
during his debauch. 

2. In an environment which prohibits 
heat loss except by craporaiion, heal pyrexia 
is induced in man by a cessation of sweating. 
In an able clinical stiidj-, Ferris, Blanken- 
hom, Robinson and Cullen® obtained a 
historj- of cessation of sweating shortly 
before the onset of heatstroke in 17 of 
44 patients observed during 2 heat waves 
in 1938. Furthermore, absence of sweat- 
ing was observed in all 44 patients on 
admission. Absence of sweating has also 
been reported in the analj-sis of Gauss 
and Mej-er.® The clinical picture, tj'pi- 
cally of a hot, dry skin, is cntirciy in 
accord with these explanations. Thr 
available evidence® indicates that acidosis, 
circulatory failure, increase in metabolic 
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rate, etc., are effects rather than causes 
of the hyperpyrexia. 

Once sweating has ceased, the develop- 
ment of hyperpyrexia is inevitable. Heat 
loss can then occur only through insensible 
water loss. It has been shown by Hardy 
and Muschenheim,^“that as a near-perfect 
“black-body radiator,” the body absorbs 
radiant heat at high external temperatures 
as readily as it radiates heat at lower 
temperatures. Cutaneous vasodilatation 
and increased skin flow serve to carry 
heat rapidly from the skin to deep tissues. 
As hyperpyrexia develops, as a secondary 
effect of heat on cellular oxidative proc- 
esses, heat production increases. Thus, 
indeed a vicious cycle of absorption of 
radiant heat — increased skin flow — in- 
creased production is instituted. 

3. In heat pyrexia there is widespread, 
probably generalized, cellular damage of 
severe degree. Damage to the cells of the 
central nervous system is evident in the 
coma and convulsions which characterize 
the disorder, and in the psychic disturb- 
ances of the recovery phase. Logue and 
Hanson^^ reported electroencephalographic 
abnormalities of 3 months duration in a 
patient with heatstroke. They also de- 
scribed electrocardiographic e^ddence of 
myocardial injury, disappearing after 3 
months. Damage to the liver cell, as evi- 
denced by jaundice^^'"^ and prolonged 
prothrombin times, have been reported. 
The urinary findings are those of a severe 
febrile nephrosis. Endothelial damage, as 
evidenced by hemorrhages into the skin, 
brain, lung, gastrointestinal tract and 
endocardium, has often been reported, 
and was the subject of a special study by 
Wright, Reppert and Cuttino,-^ who 
found that capillary bleeding antedates 
any demonstrable alteration in the blood- 
clotting mechanism. Studies of autopsy 
material' show morphologic e\'idence of 
generalized cellular damage. 

4. A state of acute circulatory failure 
regularly complicates severe cases of heat 
pyrexia. Hartman” produced fatal heat- 
stroke in dogs for study of the pathology 
of heatstroke. He reported that all dogs 


who did not die immediately died subse- 
quently of vascular collapse. Kopp and 
Solomon^^ reported 8 cases of severe shock 
in patients who apparently developed heat- 
stroke in the Kettering hypertherm. 
Ferris et aU found the blood pressure at 
shock levels in 7 of 34 of their patients. 
They emphasized, that shock is not im- 
portant in the pathogenesis of hyper- 
pyrexia, but their data suggest that it is 
a grave complication. In the case reported 
by Logue and Hanson” the blood pressure 
was “unobtainable.” 

5. The mechanism of this vascidar col- 
lapse has not been established. The avail- 
able data suggest several mechanisms: 
''(a) The shock may be hematogenic, 
due to extravasation of plasma, with re- 
duction of circulating blood volume. At 
skin temperatures of 42° C., capillary 
pressure has been measured by Landis,” 
by capillary puncture, and found to exceed 
the normal by approximately 100%. 
Blood flow through a part is increased by 
elevating the temperature of the part,” 
and fluid transudation is actually in- 
creased.” Flinn and Scott"^ found evidence 
of hemoconcentration in dogs subjected 
by hot en^^^onment to a degree of hyper- 
pjTexia which was less than that requir- 
ed to produce heatstroke. Kopp and 
Solomon” studied the blood volume in 
patients Avho developed shock during 
therapeutic hyperpyrexia.^ By the Evans 
dye method, these patients in shock were 
all found to have reduction in blood 
volume of 10 to 32 %. On the other hand, 
Talbott ct al.,^^ and Ferris ct al.^ reported 
that serum protein and hematocrit stud- 
ies indicated that hemoconcentration was 
either absent entirely or present to a less 
degree in patients with heatstroke than in 
patients with severe heat cramps. * 

(6) The shock may be related to, or 
caused by, chemical changes in the blood. 
Flinn and Scott’ reported that unanes- 
thetized dogs, whose temperature was 
raised to 41.5° C. by e.xternal heat, ex- 
hibited a very rapid fall in plasma CO 2 
content, to about 25 to 30 volumes per 
100 ml., together -ndth alkalosis, the blood 
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in reducing the hyperpyrexia in 25 pa- 
tients with severe heatstroke. It was 
possible to effect a reduction to 102° P., 
or below, in from 9 to 40 minutes in all 
cases. Untoward effects were observed in 
1 patient, cooled to 99° F. before removal 
from the ice-water, in that the tempera- 
ture subsequently fell to 96° F. and the 
patient then developed vascular collapse 
and died. In their other patients the ice- 
water bath did not produce shock or skin 
pallor. On the contrary, the effect on 
consciousness and blood pressure was salu- 
tary. The temperature of 8 mildly ill 
patients (conscious, temperature not over 
106° F.) was reduced by sheets and fans, 
but by contrast hyperpyrexia of 2 severely 
ill patients could not be reduced by this 
method. Gauss and Meyer® also reported 
prompt reduction of hyperpyrexia by ice- 
tubbing, with a tendency toward exces- 
sive cooling, and the production of sub- 
normal temperatures. The iced-water 
tub bath was recommended by Talbot^® 
for severe heat pyrexia. 

From this review of the literature it 
would seem apparent that there are at 
least 3 important unsolved problems rela- 
tive to heatstroke: 

1. What are the mechanisms of the 
circulatory collapse which complicates 
stroke? Is it cardiac or peripheral? 
Obviously, rational treatment must de- 
pend upon an understanding of the type 
of failure present. 

2. ^Wiat is the most effective means of 
reducing the hyperpyrexia? 

3. Why do the patients stop sweating? 

Since it is difficult or impossible to 

study these questions under controlled 
conditions in man, animals have been 
utilized in the present study, in an at- 
tempt to answer the first 2 of these ques- 
tions. Since the commonly available 
laboratory animals do not have a sweating 
mechanism comparable to that of man, 
no attempt has been made to answer the 
third question. 

Experimental Studies. Heat p 3 Texia was 
produced in dogs, rats and mice bj- placing 
them in a box heated bj* electric light bulbs. 


with a thermostat included in the electric 
circuit. Thermometers extended into the 
box through holes in the top, and for smaller 
animal work were also placed near the floor 
of the box. An electric fan inside the box 
at one end provided constant air movement 
to minimize stratification of air in tempera- 
ture levels. The fan played on soaked towels, 
to pro\dde a high and fairty constant degree 
of humidity. 

The animals, when placed in the heat 
chamber at 45° to 50° C., rapidly developed 
a severe, and often fatal, hyperpyrexia. As 
their body temperatures mounted, unanes- 
thetized mice and rats went through char- 
acteristic changes in appearance and be- 
havior which were closely comparable in 
the 2 species. At temperatures up to about 
40.5° C. (105° F.) the animals showed a 
markedly flushed skin and increasing excite- 
ment. Above this level, and up to about 
42° C. (108° F.), they were less active and 
their movements poorly coordinated. Often 
they waddled. Hyperpnea was extreme. 
The skin was violently joshed and petechise 
appeared, especially in the ears. At about 
43° C. (110° F.) they exhibited convulsions 
followed by coma. In the mouse these con- 
vulsions were usuallj’- abrupt in onset. They 
were clonic seizures and were often associ- 
ated with an erect, stiff, pointed tail. Unless 
the hyperpyrexia was quicklj’’ terminated 
the animals then died. The flush of the skin 
usually gave way to an ashen gray pallor. 
If the animals had remained conscious up 
to the time of this color change, with it they 
became comatose, flaccid, with depressed 
respiration — a picture of extreme vascular 
collapse. 

Only anesthetized dogs were heated. 
With increasing hyperpyrexia thej’', too, 
showed red, hot skin, hyperpnea, and flnall}’- 
vascular collapse and body temperatures of 
42° to 44° C. 

Aside from the alterations in sweating the 
clinical picture seen in these animals cor- 
responds closely to that obsen^ed in man. 

The reduction of hyperpyrexia was studied 
chieflj’- in white albino rats. Each rat was 
heated in the chamber up to the point of 
coma, when it was quickl}’^ removed. An 
ordinarj' laboratory’’ thermometer of free-fall 
tj’pe was then inserted through the rectum 
into the colon so deeplj' that the bulb lay* 
near the splenic flexure against the dia- 
phragm. After the initial temperature read- 
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Fig. 3.— Chart showing changes in cardiac output with increasing pyrexia. The dots show actual 
determinations; the curved line the apparent change. Also shown are mean blood pressure changes. 
The extremes in 10 dogs, and the average, are shown. The fall in blood pressure precedes the fall in 
cardiac output. 



Body Temperoture 


Fio. 4.— Chart showing changes in oxygen consumption with increasing pjTexia. Oxj’gen consump- 
tion rises in a linear fashion witii body temperature until circulatory failure occurs. Then, despite 
continued great need because of sustained pjTexia, oxygen consumption falls sharply. The decline 
in oxj-gen consumption is an index of circulatory failure. Each sj-mbol represents a different dog 
One dog died suddenly of respiratory failure without prior eridence of circulatoiy failure; all others 
showed profound circulatorj' failure before death by respiratorj’ failure. 
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ing, 43° to 44° C. (109° to 111° F.), they 
•were cooled in 1 of 3 wa 3 '^s. In a control 
group the temperature was allowed to fall 
spontaneously at room temperature of 26° C. 
A second group was soaked with cold tap 
water, and then placed directly in the blast 
of a powerful, 16 inch electric fan. A third 
group was immersed, except for the head, 
in ice water. The results are shown in 
Figure 1. It will be noted that 'uuthout over- 
lapping in temperature curves, the rate of 
temperature reduction in the animals cooled 


ered the temperature to 38° C. in less than 
one-half the time required by the fan. 
Similar results, indicating much more rapid 
reduction of hyperthermia by the ice bath 
than by evaporative cooling, were obtained 
in 2 pairs of dogs, each pair of comparable 
weight. In both rats and dogs, either the 
evaporative or the ice-bath cooling, but par- 
ticularly the latter, tended to produce 
marked hypothermia. 

2. Survival of mice heated to the convul- 
sive endpoint and cooled either bv the ice 



Ih* thanges body tei"per«t«r«, arterial 
blood pressure, and cardiac output are 
dUgramitte and represent average changea. 


Cbang»» )r> ar ttr I evtneua oxygen differtneei 
in Hepatic vein and cutaneous vein blood 
are the findings of one ecperinent. THete 
changes are typical but so^'eahat rore 
narked than m other eiperirents. 


Fig. 5. — Diagram of observed circulatory changes during progressive heat pyrexia in dogs. Period 1. 
control. Period 2, moderate pjTexin, early “red” stage. Period 3, severe pyrexia, "red” stage; the 
difTcrence betTrecn arterial and skin venous blood oxygon is small, while the A-V diflorenco in hepatic 
vein blood is large. Period 4, gray stage; there is a tendency toward reversal of the A-V differences 
noted in the preceding stage, indicating a difference in blood distribution. Period 5 , tenBinal state, 
late "gray” stage, with profound circulatorj- failure. 


bj’ evaporation greatlj" exceeded that of the 
air-cooled animals, while the most precipi- 
tous reduction of all occurred in the animals 
cooled in the ice bath. Tlie curves of 2 rats 
whose temperatures went to 44.5° C. 
(112° F.) before coma developed, and who 
immediately manifested severe vascular col- 
lapse, apparently of equal degree, are not 
included in Figure 1. One was cooled bj* 
evaporation, the other b\’ the ice bath. 
TJie temperature curves, although both of 
more gentle slope, showed that in these ani- 
mals in vascular collapse the ice bath low- 


bath, or by the wetting and fanning tech- 
nique, was compared m'th that of mice cooled 
spontaneouslj’ at room temperature. The 
mice, indi^'iduall}', were placed in the heat 
chamber in small cages, about 5 minutc.s 
apart. Each was removed when he licgan 
to c.xhibit involuntarj' movements. Ei-eij' 
third animal removed from the chamber wa' 
in turn ice-bath cooled, evaporativeiy cooled, 
or simph' allowed to cool spontaneou.«ly at 
room temperature. The few animals which 
died in the first 3 mmutc!^ after removal 
were discarded from the scries. Bckiusc of 
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the impracticability of taking rectal tem- 
peratures on mice during convulsions, it 
was decided to fan each of the wetted ani- 
mals for 2 minutes, and to keep the ice- 
bathed ones in the bath for 30 seconds. 
The effect of the ice bath was powerfully 
sedative on the mice. They became quiet 
and somnolent within a few seconds. To 
minimize the severe hypothermia produced 
by these methods, the mice were then placed 
in a water bath at 37° C. for 2 minutes. 
After this the}'- were placed in cages at room 


periment. 0.xygen consumption was meas- 
ured by a Benedict-Eoth basal metabolism 
machine attached to a cannula secured into 
the trachea. The cardiac end of the left 
carotid artery was used for recording mean 
blood pressure through a mercury manom- 
eter. The cephalic end of the same artery 
was used for obtaining arterial blood sam- 
ples. Through a long, metallic cannula in- 
serted through the right external jugular 
vein, blood samples were dravm from the 
jugular vein, right atrium, or hepatic vein. 



Fig. 6. — Curves of venous pressure in rats following a massive infusion, 65 ml./icg. of normal saline 
in 1 minute. The dotted lines are the curves obtained from rata at a normal body temperature. After 
an initial marked rise, their venous pressures fell to normal and remained there. The solid lines arc 
the curves of rats infused during marked pjTexia. FaUing almost back to normal after the infusion, 
the venous pressures rose again. This secondary rise was accompanied by falling arterial pressure, and 
continued until the animal’s death in congestive heart faUure. At the bottom of the chart the hatched 
area includes the venous pressure curves of rats in extreme pjTesda, but not infused. As in the dog. 
these venous pressure curves are flat. 


temperature and obsert^ed for surtival. The 
results (Fig. 2) show that only 1 of 28 con- 
trols survived more than 24 hours; that 4 
of 27 evaporatively-cooled animals survdved 
a like period; while 16 of 28 ice-bathed ani- 
mals survived. 

The mechanism of circulatoiy collapse 
was studied in mongrel dogs, anesthetized 
either with morphine or sodium pentobarbi- 
tal, and subjected to heatstroke. The head 
of the dog was allowed to project from the 
chamber for convenience in attaching and 
nmnipulating cannul.T throughout each ex- 


With large dogs it was not difficult to manip- 
ulate this cannula from the hepatic vein to 
the right atrium and back during an e.xperi- 
ment. Blood samples of 5 to 10 ml., col- 
lected, anaerobically, were repla^d with an 
equal volume of saline. 

Venous pressure was measured directly 
by a saline manometer, equihbrated by free 
flow through the metal cannula with the 
blood. The zero point was taken as the 
level of the right auricle, which was deter- 
mined at autops}'. Blood o.xv'gen determina- 
tions were made by the Van Slyke-Xeill 
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method. The body temperature was meas- 
ured by an ordinaiy cb'nical thermometer in 
the rectum. 

The climcal picture of the dogs in heat- 
stroke could be correlated with changes in 
circulatory dynamics. As hyperthermia de- 
veloped in the dog, the skin became a bright 
pmk, as in rats and mice. After vascular 
coUapse set in there was a definite change 
through a dusky red to a pallid gray. The 
gray stage was more prolonged in the dog 
than in smaller animals. The skin of onlj' 


sure in all dogs were essentially flat, for 
significant change was not observed, ►fn 
no case was circulator^' failure attended by 
a rising venous pressure unless massive 
saline infusions were givenv' The mean ven- 
ous pressure before hyperthermia was in- 
duced was —1 to -1-3.5 cm. of water in 
10 dogs. The maximum deviation from 
this value was about 4 cm. of water.’ 

Mean arterial pressure changes were ob- 
served in 13 dogs. As seen in Figure 3, in 
the early stages of hyperpjuexia the arterial 



Fig. 7. — Chart showing survival rates of mice in heatstroke, injected ■nith saline fluids. A, In a dose 
of 0.5 ml., neither 0.6% nor 0.9% saline produced a significant increase in survival rate over that of 
uninjected controls, B and C, Mice receiving saline in doses of 1 ml. and 3 ml. survived longer than 
controls. D, Mice injected with 6 ml. of 0.9% saUnc showed no benefit, and probably harm, from thi." 
dosage. No difference in favor of cither 0.6% or 0.9% saline solutions is apparent. 


1 dog was noted to remain pink until death, 
•beginning at body temperatures of 38° C. 
(100° F.), to 40° C. (104° F.), depending 
on the depth of anesthesia, hj-perpnea be- 
came progressively more extreme.'/ Impend- 
ing death was indicated b3- diminution in 
the vigor of respiratory effort. Death by 
respiratory failure occurred in all dogs 
except one. 

Pressure in the right atrium, or in the 
major x-cins within the thorax, was fre- 
quently determined in 10 dogs during all 
stages of heatstroke. Curves of vcnoxis pre^ 


pressure tended to remain near the basal 
level. /15ffth increasing hj-perthermia the 
pressure fell gradual^'. 'Viffth severe heat- 
stroke, and particularly in the gray stage, 
hj-potension became ejdreme.*/ 

Cardiac output, ns measured by the Fick 
principle, using venous blood from the right 
atrium, was determined in various stages of 
h3'pcrthermia in 4 dogs. The results are 
summarized in Figure 3./ It will be noted 
that cardiac output approximafeb' doubles 
as the temperature rises from 37° to 42° C.^ 
Ber-nnd that tomp'^rnfure if declines sh.arply. 
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HDxygen consumption, as shoAvn in Figure 4, 
was found to rise in a roughly linear fashion 
with rising body temperature. At tempera- 
tures of 42.4'“ to 44° C. (108.5° to 111° F.) 
oxygen consumption began to decline sharph”- 
despite sustained or rising hyperthermia. 
Such a fall could only mean marked tissue 
anoxia.'^ Because it is coupled with severe 
hypotension and low cardiac output, this 
decline in oxygen consumption, in the face 
of sustained high oxygen need, may be con- 
sidered another manifestation of circulator 5 '- 
failure, and an index of its severity. 

Oxygen content of arterial blood, and of 
venous blood from the right atrium, was 
determined for calculation of the cardiac 
output. In addition, the difference between 
arterial blood oxygen, and the oxygen of 
blood drawn from superficial veins, for 
example, the facial— draining chiefly the 
skin— was determined as an index of flow 
through the skin in relation to blood need. 
Similarly, arteriovenous blood oxygen dif- 
ferences in hepatic vein blood were deter- 
mined as an index of splanchnic blood flow 
in relation to blood need. The changes en- 
countered are illustrated in Figure 5. It 
will be noted that at the height of the 
hyperthermia, prior to circulatorj’' failure, 
there is a verj'’ low arteriovenous difference 
in .the cutaneous venous blood, while in the 
stage of circulatory collapse the arterioven- 
ous difference is very large. 

On the other hand, the hepatic vein blood 
displayed, during the stage of cutaneous 
dilatation, a high arteriovenous difference 
which tended to diminish (to a lesser degree 
in most of the experiments than in the one 
illustrated in Figure 5) as circulatory collapse 
developed. These reciprocal alterations can 
perhaps be best accounted for by assuming 
that, initiallj’’, there was compensatory 
splanchnic constriction, followed later bj' 
splanchnic dilatation as the result either of 
tliermal injurj’- to the centers in the brain, 
or of the accumulation of metabolites in the 
abdominal Auscera. Once this state of ais- 
ceral A'-asodilatation supen’^ened the blood 
pressure declined sharpl}', cutaneous floAv 
diminished, and death soon followed. 
C'These results indicate that circulatory 
collapse induced by pj^exia is ordinarily of 
peripheral rather than cardiac origin. 

The Effect of Heat Pyrexia on Cardiac Re- 
serve. This question was studied by obserA*- 
ing the response of the A-ennus pressure to 


massive, sudden intravenous infusion in rats 
Avith and AA'ithout pyrexia. Rats were anes- 
thetized Avith sodium pentobarbital, the peri- 
toneal caAuty opened and cannulse inserted 
into the distal abdominal portions of the 
aorta and inferior vena caA’-a. Comparisons 
AA^ere then made of the responses of heated 
(to approximately 43.5° C.) and unheated 
rats, to the infusion of 0.9 % sodium chloride, 
in doses of 65 ml. per kg. of body weight 
given OA''er a period of 1 minute. This 
amount was found to be the maximum which 
could be tolerated Avhen infused at this rate. 

As seen in Figure 6, the immediate effect 
on all animals, of this infusion, was to cause 
a sudden marked rise in venous pressure. 
This AA'as coupled, in most instances, with a 
rather marked fall in arterial pressure. 
Most of these pressures quickly reverted to 
normal. FiA’'e rats at normal body tempera- 
tures then remained "compensated” for a 
period exceeding 30 nainutes. Seven rats 
heated to 42° to 43° C. before the infusion 
showed no such tolerance to this increase in 
the circulating blood volume. After the 
initial fall of the A'^enous pressure back to, 
or nearly to, normal levels, they showed a 
seconder}’- rise which continued until death. 
This secondary rise was coupled with a fall- 
ing arterial pressure and autopsy showed 
massive pulmonary edema. Five animals 
similarl}^ heated but not infused showed no 
such eAudence of congestive heart failure. 
Their deaths were ushered in by a falling 
arterial pressure AA’ithout change in A'^enous 
pressure. 

■/These results indicate that while the circu- 
lator}"- collapse of pjTexia is usually of the 
peripheral t3’pe, the reserA’-e power of the 
heart is impaired, and that heart failure may 
be induced when sufficient fluid is adminis- 
tered at a sufficient!}’- rapid rate. In patients 
AAith preexisting cardiac disease it might be 
expected that heatstroke might lead to 
cardiac rather than peripheral failure^/ 

The Effect of the Administration of Fluid on 
Survival. Mice, weighing about 25 gm., were 
heated to the point of conAuilsions, and A’ari- 
ous amounts of fluid (0.9 or 0.6% sodium 
chloride) were immediately administered in- 
traperitoneally to one-half of the animals, the 
period of surA'iA’-al being compared Avith that 
of the untreated controls. As sho-wn in Fig- 
ure 7, the administration of 0.5 ml. of saline 
appeared to haA'e no significant effect on sur- 
AiA’al. dose.s of I to 2 ml. were followed bv in- 
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creaseddurationof survival, while largerdoses 
were ineffective. Thesefindings, when coupled 
with those already mentioned, suggest that 
while the administration of fluid in modera- 
tion may tend to overcome the peripheral 
circulatorj" failure of heatstroke and, hence, 
exert a beneficial effect, the administration 
of larger amounts may tend to induce heart 
failure and, hence, to exert a harmful effect. 
The obsenmtions on rats, mentioned in the 
preceding paragraph, would suggest that 
such a harmful effect was the result of heart 
failure. Since, however, measurements of 
venous pressure and other circulatory func- 
tions were not made in the mice, the ap- 
parently harmful effects of large amounts of 
fluid cannot be ascribed with certainty to 
heart failure in this species. 

The Effect of Digitalis. Experiments on 
more than 100 mice, and a number of rats, 
jdelded inconclusive results. This was not 
surprising, in view of the known resistance of 
these animals to digitalis. Mice given digi- 
toxin* (2 mg. per kg. of body weight, in 
proylene glycol, intramuscularly) 2 hours 
prior to the induction of heatstroke dis- 
played a higher suiwival rate than controls. 
However, these mice were found to develop 
convulsions while being heated somewhat 
more quickly than the controls, and hence 
had, on the average, a shorter period of 
exposure to heat. Mice treated noth digi- 
talis after the onset of heatstroke exhibited 
an increase in sur\’ival rate, but the time 
before death was in most instances too brief 
to allow for the full effect of the drug. 
Hence, no conclusions concerning the pos- 
.sible efficiencj" of digitalis can be drawn from 
these experiments. 


evaporation in the respiratory tract) is 
inadequate, and his heat gain exceeds 
heat loss. The validity of considering 
the state produced in these animals as 
true heatstroke, comparable to that ob- 
served in man, need not be questioned 
because of the fact that in the normal 
state man and these animals have differ- 
ent heat dissipating mechanisms, 
v'in the experimental animal heatstroke 
may be conveniently divided into (1) the 
premonitory stage, (2) the pink stage, and 
(3) the gray stage. The premonitory 
stage is characteriized by progressive ex- 
citement with rising temperature. Respi- 
ratory movements progressively increase 
in rate and amplitude. Cutaneous blood 
flow is increased. Cardiac output rises as 
oxygen consumption keeps pace with ris- 
ing body temperature. In the pink stage, 
which is dirided from the former by the 
onset of coma or conimlsions, the increase 
in cutaneous circulation is extreme, and 
becomes almost equivalent to an arterio- 
venous shunt. The greatly diminished 
peripheral resistance in superficial areas 
permits very rapid venous return, which 
in turn produces increased cardiac output. 
Tills increased venous return would ordi- 
narily produce an elevation of venous 
pressure, except for the fact that vigorous 
inspiration is performed so many times 
per minute. Each inspiratory act increas- 
es venous return, at the same time lowering 
venous pressure in the thorax. This enor- 
mous skin circulation can occur only so 


Discussion. The disturbance of function 
essential for the production of heatstroke 
is that heat gain e.xcced heat Io.ss. In 
these animals, increased heat gain from 
the enrironment could not he met by 
tlicir relatively inefficient heat dissipating 
mechanisms. In man, large increases in 
environmental temperature arc, readily 
borne by his efficient heat dissipation by 
ev.aporation of sweat, as long as he con- 
tinues to sweat. When sweating ceases in 
high cnWronmcntal temperature, how- 
ever. his remaining mechanism (r. g.. 


long as a significant proportion of total 
blood volume is prevented from entering 
more voluminous splanchnic areas. 

In the gray stage, splanchnic constric- 
tion has failed. It is likely that thermally 
damaged vasomotor centers are no longer 
able to effect it, and that the accumulation 
of acid metabolites during the period of 
diminished splanclinic flow also plays a 
role. When internal vasodilatation i- 
added to superficial dilatation, venou- 
return is no longer great, because of pool- 
ing of the blood in dilated capillaries 


* WV nri* 
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everywhere. Cardiac output rapidlj-- de- 
clines. Blood pressure falls to true shock 
levels. Oxygen consumption falls for want 
of transport. To thermally damaged cells 
all over the body, requiring increased 
oxygen because of thermallj’' stimulated 
metabolism, is added the insult of circu- 
latory anoxia. The animal is in profound 
peripheral vascular collapse. 

Why is pulmonary edema encountered 
in patients? Pulmonary edema was not 
observed in these animals, and apparently 
they did not develop heart failure, unless 
given saline infusions. No changes in 
venous pressure were observed. Four pos- 
sible mechanisms are suggested. 

1. In the pink stage cardiac work is 
increased. The senile hearts of old victims 
may fail under this strain, while the 
laboratory animal’s heart does not. 

2. Venous return and pulmonary flow 
are greatly increased. Of necessity, this 
means pulmonary hyperemia. Pulmo- 
nary capillaries are thermally damaged and, 
perhaps, increased in permeability. Rapid 
and vigorous respiratory effort means 
more inspiratory negative intra-alveolar 
pressure per minute. This lowering of 
the mean intra-alveolar negative pressure 
would tend to pull fluid through engorged 
damaged capillaries. 

3. Pulmonary edema may conceivably 
develop as a final manifestation of periph- 
eral circulator^' failure, the diminished 
coronary flow consequent to the lowered 
arterial pressure eventually leading to 
heart failure. This sequence of events 
was not observed in our animals. 

4. Pulmonary edema may develop be- 
cause of overenthusiastic treatment -with 
intravenous fluids. A re\'iew of clinical 
records of fatal cases in our clinic suggests 
this. Eats 'ndth hj-perthermia certainly 
tolerated large intravenous infusions less y 
readily than those at normal temperaturesy 

It is universally accepted that the ter- 
mination of hyperpjTexia, as quickly as 
is consistent with safety, is indicated. 
By the use of evaporative cooling a fairly 
rapid reduction of hyperthermia in the rat 
and dog was obtained. By ice-bath cool- 


ing, even more rapid cooling is achieved. 
Since the effect of an elevated temperature 
on body proteins depends on the time as 
w^ell as the temperature, the shortening 
of the duration of hyperpyrexia by even 
a few minutes may mean the difference 
between reversible and irreversible brain 
damage; between mild and profound cir- 
culatory failure. It was noted above that 
there are 2 criticisms of the ice-bath in 
the literature: that it is less effective than 
e%’-aporative cooling because of physical 
principles, and possibly skin vasoconstric- 
tion, and that it may be dangerous, pro- 
ducing “shock.” Our experiments on the 
rate of temperature reduction in the rat 
and dog deny the first objection, and the 
greater sur\'ival of mice treated with ice- 
baths, as compared to those treated by 
evaporative cooling, denies the second. 
Theoretical objections to the ice-bath, on 
the basis that melting 1 gm. of ice removes 
only one-seventh as many calories as 
evaporating 1 gm. of water, are untenable. 
On the hospital ward, the object is not 
to obtain maximum cooling with a given 
number of grams of ice or water. The 
object is to obtain most rapid cooling 
regardless of the amounts required. 

It seems apparent that after reduction 
of hyperthermia, if vascular collapse is 
present, this, too, must be treated. The 
vascular collapse is primarily peripheral, 
due to underfilling of a generally dilated 
capillary bed, but probably the heart is 
racing toward failure, too. Lacking phar- 
macologic means to correct capillarj'^ vaso- 
dilatation, one can treat the vascular 
collapse only by intravenous fluids. One 
does so apparently at the imminent risk of 
producing heart failure and pulmonary 
edema. 

On the basis of these studies, the fol- 
lowing outline of treatment is suggested 
as trial-worthy. 

1. Heatstroke is a grave emergency, and 
when the diagnosis is tentatively estab- 
lished (by the coe.xistence of [a] a history 
of exposure to excessive enY-ironmental 
temperature; [6] otherwise unexplained 
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pyrexia; [a] dry skin) itninefUate therapy 
should be instituted. 

2. If the patient is comatose, or if body 
temperature is above 41° C. (106° F.), 
the patient should be immersed in ice- 
water. Milder instances may be treated 
by evaporative cooling. The oral tem- 
peratures should be followed minute-by- 
minute during the process of cooling. 

3. At an oral temperature of about 
38.5° C. (101° F.) the patient should be 
moved to a tub of water at about 38° C., 
the body temperature still being observed 
continuously. After the patient’s body 
temperature has stabilized at an essen- 
tially normal level, hydrotherapy may be 
discontinued. 

4. If manifestations of shock —gray 
skin color, slow filling of blanched areas, 
poor filling of veins behind a tourniquet, 
severe hypotension — are present, infusions 
must be given, but with great caution, 
the venous pressure, state of breathing 
and breath sounds being continuously ob- 
served. Rapid digitalization is probably 
indicated if pulmonary edema or rising 
venous pressure develop. 

5. Oxygen therapy is probably valuable 
when either peripheral failure or pulmo- 
nary edema is present. 

6. After the emergency state has passed, 
the patient’s temperature must still be 
watched very carefully. Adequate atten- 
tion should be given to fluid and electro- 
lyte requirements. 


Summary and (Conclusions. Heat py- 
rexia (heatstroke) has been produced in 
laboratory animals (dogs, rats, mice) by 
exposure to high environmental tempera- 
tures. Except for differences related to 
the sweating mechanism, and the more 
rapid course of events in smaller animals, 
the clinical picture of heat pyrexia in 
animals resembles closely that seen in man. 

In the "pink stage” heatstroke is char- 
acterized by greatly increased cutaneous 
blood flow, amounting practically to an 
arteriovenous shunt, with compensatory 
internal constriction. Cardiac output is 
high. 

In the "gray stage,” or stage of vascular 
collapse, generalized vasodilatation pro- 
duces peripheral circulatory failure. Ven- 
ous return and cardiac output fall. 
Despite continued need, oxygen consump- 
tion declines for want of transport. 
Anoxic damage is added to thermal dam- 
age in the body cells, generally. 

Hyperthermia is reduced most rapidly, 
and with greatest advantage to the ani- 
mal’s chances for survival, by the ice-bath. 

Fluids in moderate doses produced in- 
creased survival time in mice subjected 
to heatstroke. 

Massive intravenous infusions produced 
heart failure in rats during hyperthermia, 
while the same infusion was well borne 
by the rat at normal temperature. This 
indicates a definite reduction of myo- 
cardial reserve at excessive levels of body 
temperature. 
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Earlier studies have shown that the 
administration of relatively small doses of 
sodium amytal may be followed by pro- 
found alteration in a subject’s reaction to 
pain.® Furthermore, tension headaches 
and other sensations resulting from an in- 
crease in contractile state of muscles may 
be reduced in intensitj' or abolished.®®’®® 
Sensation and motor power may be re- 
stored in hysteria.® The blood pressure of 
hypertensives maj' be greatly lowered,®'®® 
and, following intravenous injection of 
sodium amytal, there has even been re- 
ported relief of asthmatic attacks.® There 
have been numerous investigations of the 
mechanism of action of sodium amy- 
fjjjs.T, 10 . 11 , 12 , 16 , 1 " jjyj explanation of the phe- 
nomena referred to has not been estab- 
lished. Accordingly, and in view of the 
currently wide use of the flrug, a series 
of observations concerning its action was 
undertaken. 

Method. Seven hundred patients selected 
at random from the clientele of the medical 
psychiatric wards and out-patient depart- 
ments of 1 cmlian and 2 miiitarj' hospitals 
served as subjects. During the course of 
their investigation and management they 
were intendewed 1 or more times following 
intravenous injection of from 0.1 to 0.5 gm. 
of sodium amytal in a 10^ solution admin- 
istered at the rate of approximately 1 cc. 
5 >er minute. 

Observations. 1. Effect on Pain 
pKKCEmo.v. Using the p.am threshold 
measuring device of Hardy, ^YoliT and 
Goodcll,® •! subjects were tested before 
and 15 minutes after injection of 0.5 gm. 

• In'Y'SirA'iDn wm e.irri'Nj oat un'I''r fcUow*hif> 
Ilofh'-imf'r FouR'iation. 


of sodium amytal. It was found that, as 
described elsewhere with other barbitu- 
rates,®® sodium amytal did not raise sig- 
nificantly the threshold for perception of 
pain. In Figure 1 is contrasted the 
threshold raising effects of 0.3 gm. acetyl- 
salicylic acid "with that of 0.5 gm. sodium 
amytal. 

Comment. It may be inferred from these 
data that whatever salutory effects may 
follow the administration of sodium aray- 
tal in painful conditions, they do not stem 
from the blocking of pain perception. 
They must occur either because of altera- 
tions in the reaction of the subject to tlio 
painful e.xperience or from interruption of 
the mechanism responsible for the no.xioiis 
stimulus. 

2. Effects on Attitudes and Emo- 
tions. The most obn'ous changes among 
the 700 subjects to whom the drug was 
administered resembled those which might 
be e.\'pected follom'ng ingestion of alcohol. 
Usually the subject became relaxed and 
jocular Imt if disturbing topics were intro- 
duced and dwelt upon in the interview 
the subject gave more ei’idence of being 
distressed by them than he did when he 
was not under the influence of the drug- 
In addition to the intcn.sity of the fncii" 
of the subject’s attention on the topic al 
hand, there was a di.stractability wln’e!! 
made ft pos.sfhfe to shift the focus to other 
topics by appropriate manipulation of the 
situation. Tims, a subject could often i>e 
made tense and tearful at one moment 
and relaxed and jocular the next. 

froTD th*' Co^nTDODw^Mth Fund 
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Comment While intravenous injection 
of sodium amytal is likely to be followed 
by relaxation and freedom from anxiety, 
it is not necessarily so. The drug induces 
in the subject a state of pliability in which 
relaxation and freedom from anxiety read- 
ily occur when the setting is secure and 
friendly, but in which tension and anxiety 
occur with equal ease when the security 
of subject is threatened by the introduc- 
tion of disturbing topics. 


“insane.” Later, in several subjects ten- 
sion headaches were relieved by injection 
of sodium amytal and were then reinduced 
while the subject was still under the influ- 
ence of the drug, by the introduction of 
troublesome topics into the discussion. 

4. Hypertension. During inter\dews 
with fully conscious individuals who have 
hypertension it has often been possible to 
alter the level of blood pressure by alter- 
nately disturbing and reassuring the sub- 


Elevation of pain 
threshold 



t 


Drug administered 


Fig. 1. — Minor pain threshold raising effect of sodium amytal 0.5 gm., administered intravenously, 
compared with effect of acetjdsalicylic acid 0.3 gm., taken by mouth. 


3. Tension Headache. Prompt aboli- 
tion of tension headache by muscular re- 
laxation induced with the aid of sodium 
amytal has been observed in 45 subjects. 
In one subject, however, who was not hav- 
ing a tension headache at the time of injec- 
tion, headache occurred during adminis- 
tration of sodium amytal. She appeared 
anxious and harassed with furrowed brow 
and an expression of anguish. She revealed 
that she had been concealing from the 
examiner the fact that she had once been 
a patient in a mental hospital. She felt 
torn by the confliet between her obligation 
to tell everything and her fear that the 
examiner would drop her case if he knew 
of her having been once considered 


ject.® It was found that in subjects under 
the influence of sodium amytal such 
manipulations were far easier than they 
were when applied to unnarcotized indi- 
viduals. 

The ease with which blood pressure 
could be modified in hypertensive subjects 
after intravenous injection of sodium amy- 
tal is apparent in the follovdng case. 

Case Reports. Case 1. A 41 3'ear old 
married .Tewess had h3'pertension since a 
pregnancy 10 3’ears before. The Inqjerten- 
sion had been .sustained at a level of approxd- 
mateh’ 210/130 for 1?, 3'ears prior to her 
Hsit to the New York Hospital. She com- 
plained of frequently recurring headaches, 
“like a tight hat’’ a.'^sociated with irritabil- 
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ity and fatigability. Her conflicts con- 
cerned mainly her relationship Tvith her 
parents and her husband. Her mother 
had been strict and humorless, gi%nng veiy 
little 'affection and support either to her 
husband or to her daughter. Her father 
was also tense but kinder and more losing. 
Both parents had hypertension. The pa- 
tient throughout her life had felt heavily 
dependent on her father and resentful of her 
mother, but she nevertheless continuall 3 '^ felt 
the need to appease the latter and gain her 
approval. She married at 24 a man 4 j'ears 
older than herself upon whom she depended 
heavily as she had on her father, but toward 
whom she also felt resentment because of 
his relatively poor earning power. Her 
general demeanor vas one of cheerful self- 
possession and none of her anxieties and 
conflicts were apparent when she was in her 
fully conscious stete. 

Sodium amytal, 0.3 gra., was administered 
intravenouslj'. Before the injection blood 
pressure was 255/125. Under the influence 
of the drug she became well relaxed and 
began to talk freely. Blood pressure fell to 
170/110. When she recalled an e.\perience 
in which she received a telegram which she 
was reluctant to open because she feared 
that it might tell her of her husband's death, 
her blood pressure rose to 195/130. It sub- 
sequentl.v fell to 180/120. She next men- 
tioned her hatred for her mother and her 
father’s death. Blood pressure rose to 
230/150. It fell to 180/120 when the conver- 
sation was turned to the possibilitj' of hap- 
piness in the future. Later she became verj* 
tense, began to sob, sajdng that her mother 
had killed her father by her bad treatment 
of him. Blood pressure rose to 226/134. 
Again it decreased when she spoke of good 
times she had had fishing with her father, 
but when the subject of her father’s un- 
happiness was dwelt upon blood pressure 
rose again to 238/150. She was finalh' 
diverted and began to joke with the phj-si- 
cians. A precipitous fall to 178/120 oc- 
curred. TWiilc speaking of sexual intercourse 
being tinsatisfactorj- blood pressure was 
220/140. Later, when she laughed and 
spoke of her enjoNTnont while plajdng 
pinochle it fell again to lSS/118. The last 
2 readings were 1S4/140 and 180/125 when 
she spoke of pla\-ing the pi.ano with her 
daughter (Fig. 2). 

In numerous other h.vperfensive subjects 


the blood pressure was made to rise or fall 
with appropriate stimulation under sodium 
amj'tal. Often when the situation was 
manipulated the blood pressure showed ho 
initial drop following injection but began to 
chmb at once. 

Case 2 . A 31 3 'ear old married woman 
whose h 3 'pertension had been known to exist 
for approximately Ij 3 ’ears illustrates this 
occurrence. She was a mild-mannered, self- 
possessed individual who denied all conflicts 
but whenever the fact that her sister had 
always been more successful than she was 
dwmlt upon her blood pressure rose. Prior 
to injection of sodium amytal her blood 
pressure was 180/120. During injection of 
0.3 gm. of the drug she was asked to compare 
the achievements of her sister’s husband 
wdth those of her own. She smiled sweetly, 
retained her composure and stated that her 
own husband had not done as well as her 
sister’s. “But that doesn’t bother me. . . 
lYell, I did expect my husband to do better. 
WTien I married him I thought I could make 
something of him . . . but he treats 
us ver 3 ' well and it does not bother me at 
aU.” B 3 ' this time her blood pressure had 
risen to 215/135. After this topic had been 
dwelt on for 5 minutes she was reassured 
and allowed to rest. Fort 3 '’ minutes later 
her blood pressure had fallen to 170/110. 
The course of the blood pressure during the 
inteiwiew is graphicalh’ shown in Figure 3. 

5. Turbinates and Nasal Mucos.e. 
Otlier bodi! 3 ' structures which participate 
in the organism’s reaction to situational 
threats are the turbinates which shut off 
or open the nasal airwaN's by' either swell- 
ing or contracting. The relevance of these 
phenomena to sinusitis and nasal disease 
has been described elsewhere,*® The way 
in which the appearance and function of 
the nasal stnicturcs could be altered ex- 
perimentally i.-^ illustrated by the following 
account. 

Case 3. A 42 year old woman had .suf- 
fered from vn.'^omotor rhinitis and chronic 
-rimi.ritis for 2 years. On numerous occ.i- 
sions the state of her nasal membrane.s had 
been correlated with ber life .-ituations .and 
attitudes and it had t>een found to 

bring nlvait eitber hyperemia, liyp'r.-errftion 
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aud obstruction in the nose or subsidence of 
these changes by suitable discussion. 

As discussed elsewhere,® when hyperemia 
and engorgement of nasal structures was 
sustained the vasodilatation often subsided 
and the structures became pale, remaining 
for a time boggy and edematous looking. 
This more chronic state of vasomotor rhinitis 
could also be made to subside during relaxa- 


tion under sodium amytal. With discussion 
of threatening topics, however, the obstruc- 
tive process could be started up again, hyper- 
emia and hypersecretion ensuing. 

In this experiment (Fig. 4) the topic under 
discussion concerned a major conflict in the 
subject’s life. She was living with her third 
“husband,” by whom she had a daughter, 
aged 5, without having divorced her second 



E'ig. 2. — Variiibility in level of blood pressure in a hypertensive subject correlated with chanpes in topic 
durinp interview under intravenously administered 'sodium amytal, 0.3 pm. 
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Fig. 3.— Initial rise in blood pres^re following intravenously adminisrtered .sodium amvtal during 

discussion of relevant conflict. 
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liusband. The divorce decree was expected 
momentarily and she was looking forward 
to the possibilit}’’ of marrjdng her present 
companion in order to make legitimate her 
child. At the same time she was reluctant 
to. marrj" him because he was a poor pro- 
vider, irresponsible, often drunk and abusive 
to their child. She feared that continued 
life vith him might be seriously damaging 
to the girl. She had been in conflict for 
several da 3 '-s awaiting the divorce decree. 
Her nose was obstructed, the membranes 
pale, swollen and wet. During administra- 
tion of the sodium amj'tal she was stronglj’’ 


sodium amytal, as illustrated in the case 
of the following patient. 

Case 4. A 36 j'car old housewife com- 
plained of attacks of d 3 'spnea, associated 
with dr 3 ' cough and wheezing for the preii- 
ous 6 months. Her parents were Russian 
Jews, the father lettered and gentle, the 
mother unschooled and cold; both were 
forceful characters. Her 3 sisters were mar- 
ried to .Jewish businessmen, and 3 brothers 
were successful as an accountant, a factor 3 ' 
foreman and a lawyer, respectively. They 
all enjoyed the favor of the parents, whereas 



iNTCnvCw SOOxM coruct 

fCLAXATJON 

Fio. •!. — Subsidence of nasal obstniction by swollen, pale turbinates durinR relaxation and freedom 
from anxiety followinK intravenous injection of sodium amytal. Note incrc-a-oe in secretion and return 
of color to the membranes durinR deturgescence. Latter half of graph shows subsequent lijmcromia 
with hjT>ersccrction, swelling and obstruction during dbcussion of troublesome conflict. 


reassured and offered the supjtort and coun- 
.«cl of the ph 3 '.«ici.an. After her membranes 
had resumed their normal apixtarance and 
her ainvat’s had opened she was abrupth- 
threatened bt’ un.'tmpathetic discussion and 
the challenge, “JVht* do you marrt' .John 
if he is making a neurotic out of a-our 
daughter?” I’rompth- her nasal membranes 
became ht’peremic and li\'i)cr.-ccretivc again 
.and tlic airwa.v.s Itocame obstnicted. 

6. Astu.ma. In subjeot.s with a.sthrna 
engorgement of the turbinates with re- 
sultant na^al ob.-tnietion w.'ls found to go 
hand in hand with bronchial con.-.lrietioii 
in nsthmatie attack.'. Tlu-e changes, too, 
were found to Iw .'ubjeef to manii)ulat!oi( 
following intraveriou'- admini'tration of 


the subject bad incurred their disapproval 
In- impulsively manw'ing a relatively non- 
competitive Roman Catholic of I'rench- 
Italian parentage, 9 years her .senior. 

She was amhifioiis to improve the .social 
status of their children bt' educating them 
despite her husband’s meager earning.-- 
Her daughter, at the age of S, davelo{)ed 
di.alicfes inellitus, which incre.a.sed the ji.a- 
tient’s in.securitt- and further threatened her 
ambitions. At this time .she was becoming 
increasinglv- di'apiminted, anxious and rc- 
.sentful, and bad diflicultr- in breathing 
through her iio'e. Tliis nasal obstruction 
develofF'd suddenly when sz-vcral worri'-n in 
luT presofico eondernrif'd a girl for '’over' 
-topping conventions.” If continued and 
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grew more troublesome and a year later she 
had nasal polyps removed. 

Twelve months later (November 1945) 
her son became ill with abdominal complaints 
and the subject feared that he, too, might 
have diabetes. At this time she developed 
attacks of wheezing during the night. These 
increased in frequency until she soon was 
having persistent respiratory distress with 
an accompanying dry cough. 


50 minutes of this interview. As soon as 
sodium amytal was injected, however, the 
changes became greatly accentuated and 
there occurred marked swelling of the turbi- 
nates. Subsequently the subject was reas- 
sured and after she had slept for several 
minutes the nasal structures were noted to 
have resumed their former appearance. 



Fig. 6.— Occurrence of hyperemia, hypersecretion and swelling with obstruction in the nose and 
precipitation of an asthmatic attack during an intendew dealing with troublesome conflicts. Note 
acceleration of the changes following intravenous injection of sodium amytal and subsidence of the 
changes after reassurance and relaxation. 


As reported elsewhere,® it was possible in 
this subject to induce nasal engorgement, 
obstruction and hypersecretion with asso- 
ciated attacks of asthma b 3 ’- introducing 
threatening topics into the conversation. 
Conversed, tvhen relaxation and feelings of 
security were induced engorgement of the 
nasal mucosa and the asthma subsided. 
Such experimental correlation of situation 
with symptoms was accomplished most read- 
ily when the subject had received an intra- 
venous injection of sodium amjdal, as illus- 
trated in Figure 5. The interview in the 
instance illustrated dealt with her hawng 
“cut off her nose to spite her face” in reject- 
ing her famih'’s favor bj* marrjnng out of 
lier cultural group, of her husband’s failure 
to have indicated her decision bj* “succeed- 
ing,” and of her thwarted ambitions for her 
children. Onlj' a small increase in redness 
and secretion in the nose occurred in the fir.«:t 


7. Epilepsy. Finally, in epileps^q seiz- 
ures Avhich are customarilj'^ inhibited b^’’ 
barbiturates have been induced in suitable 
subjects following intravenous administra- 
tion of sodium amytal during abreaction to 
the discussion of topics of threatening 
significance." 

Case 5. The ])atient, a 26 j’ear old man, 
had had psj^chomotor seizures for 11 j'ears 
and grand mal con^•ulsions for 2. The occur- 
rence of his attacks had been correlated with 
episodes of intense anger, to which he felt 
unable to give overt expression. His chief 
conflict concerned a hatred for his mother 
whom he felt had not loved him and had 
failed to equip him for a competitive life. 
A H'pical grand vial seizure was induced in 
this subject immediately after the injection 
intravenously of 0.3 gm. sodium amj-tal dur- 
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ing a discussion of his mother in which he 
became enraged and spoke through clenched 
teeth saying, "I’ll k-k-k-ldll her.” At the 
height of this outburst his angry face sud- 
denly became blank and expressionless. He 
lost consciousness and had a tonic and clonic 
convulsive seizure. Throughout this proce- 
dure electroencephalographic tracings had 
been made. Tj-pical grand mal waves were 
recorded during the seizure. 

Conclusion. It is clear from these data 
that sodium amytal has no direct pre- 
dictable effect on the mood and attitude 


of the subject. It exerts no direct pharma- 
cologic action on skeletal muscles, smooth 
muscles or glands which are subject to ner- 
vous influence. Thus its designation as a 
“vasodilator substance” when used to aid 
in the selection of hypertensive subjects 
for s^nxipathectomy is a misnomer. On the 
other hand, it creates in the indi\adual a 
state of altered consciousness associated 
with marked suggestibility in which it is 
often possible to alter not only the emo- 
tional reactions of the subject but also the 
bodilj’- changes that accompany them. 
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The use of thiouracil and of propyl- 
thiouracil* during the past 3 years facili- 
tates their evaluation either as a means 
of preparing patients for operation, or as 
a method of medical treatment without 
recourse to surgery. The earlier studies 
in this investigation concerned themselves 
with the problem of finding the earliest 
time for the initiation of a maintenance 
dose of thiouracil, in order to preclude the 
occurrence of agranulocytosis. A plan of 
study was pursued that integrated the 
clinical investigation vdth various labora- 
tory procedures. It was subsequently 
learned that the susceptible patient would 
develop agranulocytosis, regardless of the 
early administration of a maintenance 
dose and the simultaneous prophylactic 
administration of “solubilized” liver as a 
source of folic acid. This phase of the 
work will be explored further at another 
point in this paper. The liigh incidence 
(15%) of early mild and often transient 
toxic effects of thiouraciF is not sufficient 
to deter the clinical investigator from 
using this drug, but the serious complica- 
tion of agranulocji;osis is a definite threat 
to its general acceptance. With the ad- 
vent of propylthiouracil this danger has 
been sufficiently lessened so that a more 
favorable comparison may be dravm in 
the future between the surgical mortality 


rate and the undesirable factors ac- 
companying the exclusive use of propyl- 
thiouracil. Since the physiologic and 
pharmacologic effects of thiouracil and of 
propylthiouracil are similar, the results 
obtained from the use of thiouracil may 
be employed as the yardstick to evaluate 
the newer and less toxic preparation. 

Procedure. One hundred patients were 
employed in this study (Table 1). Of these, 
63 received thiouracil and 37 received 
propylthiouracil. Preliminary to receiving 
any therapy a basal metabolism test, a 
galactose thyroid function test, a serum 
cholesterol determination and a blood count 
were done on each patient. After the start 
of therapy and throughout its course a white 
blood count and differential count were done 
weekly, or more frequently if the white 
blood count ranged around 4000. The basal 
metabofism test, the galactose tbjToid func- 
tion test and the serum cholesterol deter- 
minations were done simultaneously everi' 
2 weeks until a maintenance dose was es- 
tablished and then at less frequent inter- 
vals. The patients were examined at 
weekly intervals for the first 3 months and 
then, after a maintenance dose was estab- 
lished, every 2 weeks for 3 months and then 
everj' month. At each Hsit a white blood 
count and differential count was done. 

The galactose thjToid function test was 
done in accordance with ]\Iaclagan’s^° modi- 
fication of Althausen’s' method in which the 


* The thiouracil and propylthiouracil used in tin- study were .<=upplied hv the Lederle Laboratorie- 
throuph the kindness of Dr. Stanton M. Hard.v. 
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values of the blood, taken at 30, 60 and 
90 minutes after the ingestion of the galac- 
tose, are totaled and expressed as the galac- 
tose index. Our e.xperience has shown that 
a range of 50 to 100 may be considered 
vdthin the normal range. In doubtful cases 
the consideration of the peaks at 30 or 
60 minutes was more informative than the 
totaled amount. 


to be a sensitive indicator to within 24 to 
48 hours. The details of this investigation 
are being presented in a separate report. 

Prop 3 dthiouracil was employed in a new 
group of patients and in several of those 
who exhibited to.xic reactions to thiouracil. 
We found, in agreement with others,” that 
a total daily dose of 200 mg. administered 
in diidded doses of 50 mg. 4 times daily 
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Tj-pes treated 

Exoph- 

thalmos 

Diffuse 

toxic 

Toxic 

nodular 

Recurred 

postopera- 

th-e 

Jlalignant 

exoph- 

thalmos 

Non-cI.assi- 

fied 

Total 

Thiouracil 

6 

21 

16 

14 

1 

6 

63 

Propylthiouracil . 

6 

IS 

7 

4 

1 

1 

37 

Total cases treated 

. 12 

39 

23 

IS 

2 

6 

100 


The earliest group of patients was treated 
with di\’ided doses of thiouracil in July 1944. 
One-tenth gm. was given 4 times dailj^ 
together with 5 capsules of a solubilized 
liver (Liver “L”)* for each 0.1 gm. of 
thiouracil. As soon as the galactose index 
approached the normal range the dose of 
thiouracil was reduced to 0.1 gm. tmce 
dail 3 % as a maintenance dose, regardless of 
the basal metabolism rate at that time. 
Those patients that were 'treated medicaIJ 3 ' 
were maintained on this dose or less, de- 
pending on the indi%’idual response, for a 
period of 9 months to 1 3 'ear. After discon- 
tinuing the use of the drug, the patients 
were then seen at regular intervals of 3 to 
G months to determine whether the toxic 
symptoms had recurred. Those patients 
that were being prepared for th 3 Toidecfom 3 ' 
were treated in the same manner as the 
mcdicalK' treated patients. After a mainte- 
nance do'C had been established in these 
patients, and both the ba.c.al metabolism rate 
and the galactose tlnuoid function tests 
were maintained m'thin the normal range, 
the use of thiouracil was discontinued. 
Fifteen drop® of Lugol's solution was then 
adrninbtered 3 times daih' in order to f)ring 
about involution of the eland. The length 
of time tliat the I.ugol's .solution is given 
is an important factor in facilitating the 
oj>or:itivc procerlure. In order to determine 
the <)ptimum time for operation, tlic g.alnc- 
to;e thyroid function test was cmiiloycd a-; 
a jurans of indicating whether involution 
of the gland ’.'..o'-- complete. Thi- fe^f pni’.-erl 

• y;... ‘.'t. -'tj-pa—l ry (Su- 

nn ; i K:.;'' 


3 delded the optimum therapeutic effect. 
The same plan was followed to estabh'sh a 
maintenance dose in these cases as was 
observed when thiouracil was emplo 3 'ed. 
When the basal metabolism rate and galac- 
tose th 3 Toid function tests were within the 
normal range, the dose of propyltliiouracil 
was reduced to one-half the therapeutic dose. 

Ten patients, taken at random, were 
given 5 drops of Lugol's solution twice 
dail 3 ' and 50 mg. of prop 3 dthiouracil 4 times 
dail 3 ' throughout the period of treatment. 
This was done in the light of the work of 
Rawson ct al.^ in explaining the 2-fold action 
theor 3 ' of iodine. The 3 ’ believe that the syn- 
thesizing action of iodine, in which it is con- 
verted into the th 3 Toid hormone is inde- 
pendent of its involuting action on the gland. 
Consequenth’ the 3 ’ believed that thiouracil, 
b 3 ’’ inhibiting the production of the th 3 'roi(l 
hormone,* .separates these 2 functions and 
allows involution to proceed with the use 
of iodine at the same time that it blocks the 
production of the hormone. 

Results. Tlic present investigation 
concerned itself witli the dual purpose of 
evaluating the use of the anttt!)3Toid 
dnjgs, thiouracil and propv'Ithiouracil, and 
of appU'ing those knowm la!)orator 3 ' pro- 
cedures th.at would indicate the minimum 
clTcctive therapeutic do=c and the earliest 
initiation of a maintenarif'c do-c of thio- 
tiraril. This w;us originally planned to 
obviate the toxic cfTeets of ihioiiraei! 

l.-.fv.r.yr.'C" (?.«• T-' "< 
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because the size of the dose frequently 
bore a direct relationship to the occur- 
rence of toxic reactions. A review of the 
various laboratory procedures indicated 
that the basal metabolism rate is still the 
simplest method of determining thyroid 
activity. In spite of this, it is known that 
there are factors which will increase the 
basal metabolism rate in patients who do 
not have an associated overactivity of the 
gland. Hypertension, congestive heart 


iodine became normal before the basal 
metabolism rate Tvas normal in thiouracil 
treated patients. The special facilities 
necessary for performing this test would 
preclude its universal use by physicians 
who do not have research facilities avail- 
able. Therefore, the galactose thyroid 
function test was chosen as a supplement 
to the basal metabolism and the serum 
cholesterol determinations. 

Since the advent of the galactose thy- 



Fig. 1.— The combined averages of the 3 tests that were employed indicate their comparative value 
in the diagnosis and their value as therapeutic guides in patients treated with thiouracil. 


failure, emotional disturbances and me- 
chanical factors sometimes interfere with 
a proper determination. Lowenstein® sug- 
gested that tlae estimation of the pro- 
tein bound plasma iodine could be em- 
ployed as a sensitive indicator of the 
fluctuation that occurs in the production 
or suppression of endogenous iodine, thus 
offering an index to the accurate quan- 
titative measurement of the production 
of the tlijToid hormone. IVilliams and 
Clute'^ observed that the plasma protein 


roid function test as a procedure to aid 
in the diagnosis of thyrotoxicosis, varjdng 
reports^® have appeared in the literature 
regarding its reliability as a diagnostic 
test in this condition. In the present 
series the test was of diagnostic value in 
70% of the patients. Its value was not 
limited to those in whom the basal metab- 
olism determination was not sufficiently 
informative; it was also of value as a 
means of following the progress of treat- 
ment. It was found that in many case.s 
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the galactose index reached normal before 
the basal rate approached the normal 
range. It was in these cases, when thio- 
uracil was employed, that this informa- 
tion aided in the earlier establishment of 
a maintenance dose. Reference to the 


been symptom-free for 19 months since 
stopping treatment. 

The degree of sensitivity of the galactose 
test will vary with the patient. In the 
case of Patient R. B. the test was an ex- 
tremely sensitive guide to dosage. Refer- 
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Ku;. -MniriTf'unncf <Io-(* in <50 day?* on lia.-l*' of rarly return of cnlarto-o 

ra?o normal in da>v. 


fhnrt of A. T. fl’ig. 2) indicates that the 
;:aIactO'f intlcs w:is within the normal 
rar!"e in .”15 ditvs while the ba'a! metab- 
olL'in rate wa? still -r20^c- A m.ainte- 
tianre do*c of 0.2 pm. daily wa’ e5tal)!i.<hed 
atul inijirovetnent continued. Ttii.s pa- 
ti-nt wa« trc.ited for 12 month.' and ha.' 


cncc to Figtire .'f will .show that when the 
dose of thioiiraci! was reduced to 0.1 prn. 
dnily on the 'jOth day of treatment .and 
maintalnefl at this level for .'10 flay.s, the 
paiacto'c inde.t ro'e from ."lo to 12.1, while 
the ha'a! metalKili-rn rate showed a 
m-;:lipib!e rhanre. Wh'-ii the mainfenarie'- 
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(lose of 0.2 gm. was resumed, the galactose 
test readily reflected the favorable re- 
sponse to this increased dosage by a drop 
in its value. 

The mechanism of this action can.be 
partly explained by the work of Soskin*® 


myalgia on the 28th day as a result of a 
toxic response to the administration of 
thiouracil, showed a rise of the basal 
metabolism rate from the initial -|-44 to 
4-63%. The galactose index dropped 
from 190 to 135, indicating improvement 



1 K'.. a. — Guli\cto--e lest siiowocl more sensitive fluctuation to change in dose of thiouracil tlmn did the 

basal nietabohsm rate. 


who showed that thyroxin influenced the 
absorption of itigested carbohydrate. The 
factors, outside of the thyrotoxic state, 
that will increase the basal metabolism 
rate during treatment will not influence 
the galactose test. One patient, C. B. 
(Fig. 4), who developed pyrexia and 
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in the thyrotoxic state, notwithstanding 
the increased basal metabolism rate occa- 
sioned by the fever and muscle pain from 
which the patient was suffering. 

Among the patients studied there were 
6 that presented sjTnptoms not clearly 
those of hyperthjToidism. Three of these 
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had had thyroidectomies and were referred basal metabolism rate dropped. Eefer- 
to us because of the persistence of the ence to Table 2 shows that the drop in 
symptoms after operation. All 6 patients the basal rates was probably due to the 
had increased basal metabolism rates reassurance of the patient. Neither the 
and consequent!}' posed a difficult prob- galactose test nor the cholesterol level 
lem as to whether or not they represented showed any change in 5 of the 6 patients 



, ! 




Fig. 4. — Some factors that influence the basal metabolism rate have no effect on the galactose test. 
PjTcxia, as a complication caused rise in the basal metabolism rate but did not influence galactose test. 


true cases of thyroto.vicosis. The galac- 
tose inde.v in some was increased and in 
others was normal. In 4 of these cases, 
after the administration of thiouracil for 
a period of CS to 96 days, the galactose 
test did not vaiy appreciably, while the 


recorded. Hypertension may have influ- 
enced the basal rate in 4 of the 6. Three 
patients had had thyToidectomies without 
alleviation of the symptoms. The reason 
for the high initial galactose inde.v in 4 of 
these patients is not clear and represents 
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some of the 30 % in whom the test is not 
in itself an aid to diagnosis. When it was 
employed in these patients as a diagnostic 
aid, after thiouracil was used as a thera- 
peutic test, it proved helpful in determin- 
ing the thyroid state of the patient. 

Occasionally, the basal metabolism rate 
does not reflect the degree of improvement 
that is observed clinically. When such a 
patient is being prepared for operation it 
is reassuring to have other confirmatory 
laboratory evidence. The curves plotted 
in the case of Patient M. F. (Fig. 5) give 
evidence of this in a strikingly graphic 
manner. This patient was admitted in a 
state of cardiac decompensation associated 
with auricular fibrillation. The basal 
metabolism rate was +78 % and the galac- 


metabolism rate complement each other 
admirably. The latter observation is 
further evidenced in Table 3 in which 
2 groups were chosen from the early 
studies in 1944. One group represented 
those cases that showed a recurrence of 
the thyrotoxic symptoms after operation, 
and the second group was made up of a 
small number of those that had not had 
any previous treatment. In some cases 
the basal metabolism rate was a better 
guide to treatment, while in others the 
galactose test was more informative. The 
recurrence of the thyrotoxic state after 
thyroidectomy does not imply that we are 
dealing with a type apart. The responses 
of the recurring and primary cases were 
alike. 


Table 2 


(The galactose index is a better therapeutic test when the basal metabolism rate is increased by causes 

other than hyperthyroidism.) 





Basal metabolism 

Galactose 

Cholesterol 

Duration 





rate 

index 

(me. per 100 cc.) 

of 





^ 





. 

therapy 


Name 

Ago 

Sex 

Before 

After 

Before 

After 

Before 

After 

(days) 

Comment 

M. L. 

43 

F 

+ 31 

+ 3 

276 

219 

260 

350 

90 

Prev. op. 

C. W. 

34 

F 

+ 15 

+ G 

170 

188 

168 

180 

66 

Prev. op. 

I, R, 

49 

F 

+29 

+ 27 

137 

116 

ISO 

176 

68 

Prov. op.;B.P. 190/110 

L.S. 

50 

F 

+ 30 

+ 5 

104 

70 

266 

232 

83 

Hyperten. ; B.P. 240/130 

G.T. 

63 

F 

+ 37 

+ 37 

84 

81 

250 

235 

96 

Hyperten. 

C. J. 

50 

F 

+ 28 

+ 10 

176 

124 

150 

242 

83 

HjTperten. ; B.P. 225/100 


tose index was 440. At the end of 54 days 
of treatment with thiouracil, the basal 
metabolism was +50% and the galactose 
index was ISO. The patient’s intake of 
thiouracil was reduced to 0.2 gm. daily 
whereupon the basal metabolism rate 
rose to +58% while the galactose index 
dropped to 100. In the meantime the 
patient had gained 24 pounds in weight 
and the pulse had stabilized itself as to 
rate and regularity. The patient was 
subjected to an uneventful thyroidec- 
tomy. The converse of this case presented 
itself in which the galactose test was of 
no value in following the course of treat- 
ment and in which the clinical data sup- 
plemented by the basal metabolism rate 
were the criteria for subsequent treatment. 
The clinical condition of the patient still 
remains the sinr qua uon of treatment, 
while the galactose test and the basal 


The use of the serum cholesterol deter- 
mination as an aid to diagnosis and treat- 
ment had its shortcomings mainly in the 
fact that it was of no value in following 
treatment. As is generally known, the 
serum cholesterol is usually lowered in 
hj'perthj’Toidism. Within 1 month after 
the use of thiouracil or propylthiouracil 
the serum cholesterol evidences a primary 
rise which is maintained throughout the 
course of the treatment regardless of the 
variations in the dose of the antithjToid 
drug. A composite chart of the laboratory 
data of 31 patients (Fig. 1) is shown which 
compares the responses as reflected by the 
3 tests that were employed. The basal 
metabolism rate and the galactose index 
both showed a continuous decline for a 
period of 120 days, while the serum choles- 
terol showed a primary rise at the end 
of 30 days, which was then maintained 



70 


GKAUEH, DE WALT, ELKIX: 


at approximate!}^ the same level for the 
entire couise of treatment. After the 
primary rise, the cholesterol gave no indi- 
cation of the therapeutic efficiency of the 
drug. 


light of the work of Daft® who employed 
crystalline folic acid to treat sulfa-induced 
granulopenia, and of Goldsmith and his 
associates’ who used “solubilized” liver 
as a source of folic acid to ctire thioiiracil- 



Fig- 5. — The galactose index reflected the clinical improvement, whereas the basal metabolism rate was 

not informative during treatment. 


Toxic Effects, t^^lile the milder and 
less troublesome toxic effects of thiouracil 
lire not a serious threat to its use, the 
depressive effect of this drug on the white 
blood cells and especially on the granulo- 
cytes is of paramount importance and 
emphasizes the care that should he exer- 
cised in the use of this preparation. In the 


induced leukopenia and granulopenia in 
rats, we employed large doses of “solubil- 
ized” liver (5 capsules for each 0.1 gm.) 
in 40 patients for a period of 1 year. Vi'c 
do not believe that this influenced the 
effect of thiouracil on the blood pictures 
presented by the jiaticnts. One patient, 
who was being treated in this manner 


THIOURACIL AND PROPYLTHIOURACIL IN MANAGEMENT OF THYROTOXICOSIS 71 


(E. D.), developed granulopenia (21% 
neutrophils) 1 month after the onset of 
treatment. The total white count Avas 
7000. This disparity between the white 
count and the granulocytes indicates the 
need for doing both the total and differ- 
ential counts on all cases. The use of 
lactis casei factor (folic acid), intravenous 
pyridoxine and penicillin had no effect on 
the granulocytes as long as the thiouracil 
was continued. After the drug was dis- 
continued, the differential blood count 
approached normal. Another patient 
(B. H.) Avas less fortunate. She repre- 


to 18% in the 5 succeeding days. After 
vigorous treatment with penicillin the 
patient subsequently recovered. One pa- 
tient (C, B.), AA'ho had exhibited an early 
toxic effect of pyrexia and myalgia 20 days 
after treatment Avas started, did Avell until 
5 to 6 months later at AA^hich time she 
Avas on a very Ioav maintenance dose of 
0.1 gm. daily. At this time the AA'hite 
blood count and the granulocytes gradu- 
ally declined so that the white blood count 
was 2350, Avith granulocytes 35%. The 
drug AA’^as stopped and the amount of 
“solubilized” liA’^er administered Avas in- 


Table 3 


(Indicates that the basal metabolism test and the galactose test complement eacli otlier for purposes 
of diagnosis and treatment. Cases recurring after thyroidectomy arc not different from primary 

thyrotoxic cases.) 

Basal mctabolisni Galactose Cholesterol • Duration 


N.mip 

.Age 

Se.x 

rate 

Before After 

index 

Before After 

(mg. per 100 cc.) 

Before After 

of 

thci apy 
(days) 

Comment 

M. F. 

30 

F 

+ 75 

+ 5S 

428 

102 

140 

200 

07 

G.I. better guide 

E. M. 

50 

F 

+ 75 

+ 9 

441 

102 

187 

224 

60 

Died — apoplexy 

D. A. 

43 

M 

+ 30 

- 3 

273 

98 

ICO 

250 

30 

Prompt response 

L. K. 

39 

F 

+ 49 

- 2 

170 

56 

170 

103 

03 

BMR better guide 

B. Sch. 

44 

M 

+ 30 

+ 1 

117 

73 

188 

228 

50 

BMR better guide 

C. B. 

42 

P 

+44 

+ 1^ 

191 

01 

145 

190 

GO 

Myalgia 

L. H. 

31 

F 

+ 19 

- 5 

148 

95 

333 


00 

G.I. better guide 

H. E. 

5S 

M 

+ 70 

+ 27 

Primary Thyrotoxic Paiicntf: 

181 145 171 200 

40 

Prep, for oper. 

D. S. 

42 

M 

+00 

+ 29 

234 

134 

184 

240 

40 

Prompt response 

A. T-. 

4S 

F 

+ 55 

- 2 

273 

90 

174 

253 

30 

Prompt response 

D. G. 

32 

F 

+33 

+ 4 

143 

129 

222 

200 

45 

BMR better guide 

I. H. 

20 

V 

+ 35 

+ 1 

153 

GO 



39 

G.I. better guide 

B.S. 

70 

F 

+ 42 

+ 3 

IhO 

85 

200 

231 

32 

G.I. better guide 

R.B. 

40 

F 

+ 36 

+ 13 

172 

72 

190 

222 

42 

G.I. better guide 

M. S. 

55 

F 

+01 

+ 20 

OS 

53 

80 

158 

1.50 

Diabetes present 

F. A. 

50 

F 

+ 10 

0 

228 

89 

320 

307 

41 

Diabetes present 


sented a case of malignant exophthalmos 
in whom there Avas a moderate degree of 
ophthalmoplegia. This patient Avas treat- 
ed with thiouracil and a supplement of 
solubilized liver for 71 day.s. At this 
time she Avas on a daily maintenance dose 
of 0.1 gm. and 0.2 gm. on alternate days. 
In spile of this Ioav maintenance do.se tlie 
granulocytes dropped suddenly to 28% 
and the total white blood cells to 2050. 
Thiouracil Avas discontinued and all re- 
l>ortcd methods of stimulating granulo- 
cytosis AA’ere instituted. In spite of this 
and scA'cral transfusions, the AA-hite blood 
count dropped to 050 and the granulocytes 


creased to 32 capsules daily. The blood 
picture returned to normal after 10 days, 
Avhich is enough time for spontaneous 
hemopoiesis to occur independent of any 
treatment. Tliese specific cases are de- 
tailed in order to indicate that the size of 
the dose of the drug, the duration of treat- 
ment, and the prophylactic and supposedly 
curatiAo effects of A-arious preparations 
are neither safeguards nor means of ther- 
apy in the susceptible patient. These 
experiences emphasize the need for con- 
stant supervisory and folloAA'-up examina- 
tions of the jjatients as long as they are 
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taking thiouracii, regardless of the dose 
or duration of treatment. 

The less serious and transitory toxic 
effects in our cases consisted of pyrexia, 
myalgia, swollen submaxillary glands, 
peripheral edema and urticaria. The oc- 
currence of the various toxic effects experi- 
enced by our patients is shown in Table 4. 
Of the 63 treated patients, 9 experienced 
8 complications; 2 of the 9 patients ex- 
perienced 2 types of toxic reactions. It 
is interesting to observe that the patient 
who developed agranulocytosis had ex- 
perienced pyrexia as a complication one 
month previous to developing the agranu- 
locytosis. The patient who experienced 
myalgia and pyrexia is 1 of the 2 who 
developed leukopenia several months later. 
This earlier susceptibility to the drug may 


suffered from severe edema of the face 
associated with swelling of the submaxil- 
lary glands and edema of the glottis. 
This disappeared after emergency treat- 
ment. As a therapeutic test, 1 week after 
recovery, the patient was given | tablet 
"of thiouracii (0.05 gm.). Within several 
hours the patient’s temperature rose to 
103° F., her face and the soft tissues of 
the neck and throat became markedly 
edematous and she was in a desperate con- 
dition. One week after this toxic reaction 
subsided, propylthiouracil was substituted 
for thiouracii in a dose of 50 mg. 4 times 
daily. This was tolerated without any 
untoward effects and the clinical and 
laboratory response has been favorable. 
From present indications the use of propyl- 
thiouracil should supplant the use of thio- 


Tabce 4.— Comparative Incidence and Variety of Compucattons With Thiotjhaoid 

AND Propylthiouracil 


(Note the low incidence and the limited scope of complications with propylthiouracil.) 


Complication Thiouracii 

PjTejda 3 

Pyrexia + myalgia .... 1 

Swollen submaxillary gland . 2 

Edema 1 

Urticaria 0 

Leukopenia . . .... 2 

Granulopenia . . 1 

Agranulocytosis . . 1 


Props’Ithiouracil 

0 

0 

0 

0 

3 

0 

0 

0 


Total 11(14.2%) 3(8.1%) 


be a means of cautioning the physician of 
a possible subsequent more serious com- 
plication. After subsidence of the mild 
complications, frequent observation of the 
patient, regularly repeated blood counts 
should be the rule. 

We observed very' little toxicity from 
the use of propylthiouracil in a period of 
10 months. The only toxic effect as a 
result of its use occurred in 3 patients 
who later developed generalized urticaria. 
There was no depressing effect on the leu- 
kocj’tes or the granulocytes of any of the 
patients who were treated. In fact, 2 of 
the patients who developed leukopenia as 
a result of the use of thiouracii, when given 
propydthiouracil were able to tolerate it 
and e.xperienced a return of their white 
blood count to normal. A third patient 


uracil as the drug of choice in treating 
thyrotoxicosis. 

The Phe-suhgical and the Medical 
Treatment of Thteotoxicosis. The 
decision to employ non-surgical treatment 
in a case of thyrotoxicosis must be based 
on individual considerations of the case 
at hand. Those patients who are to be 
subjected to thjToidectoray follow an es- 
tablished pre-surgical routine. It has been 
our plan to prepare these patients with one 
of the anti-tbyToid drugs until both the 
laboratory' and clinical data indicate that 
the condition of the patient is at the 
optimum point. The average patient re- 
quires 3 to 4 months of ambulatory thjo- 
uracil treatment. An occasional individ- 
ual case requires a longer period. After 
optimum conditions are achieved, the thio- 
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uracil or propylthiouracil is discontinued 
and Lugol’s solution is administered for 
18 to 21 days. The patient is then ad- 
mitted to the hospital for thyroidectomy. 

The purely medical treatment of thyro- 
toxicosis was reserved for those who had 
had 1 or more previous thyroidectomies 
and exhibited recurrences; for the aged 
who proved to be poor surgical risks; for 
patients with advanced cardiac failure; 
and for those who refused surgical treat- 
ment. Fifteen such patients were treated 
with thiouracil alone. Though the number 
is small, the duration of treatment and 
length of follow-up afforded us an oppor- 
tunity to observe what may be expected 


average period of approximately 15 months 
and of these, 3 have remained symptom- 
free for from 21 to 23 months. We must 
not consider these sustained remissions as 
cures. A much longer period of observa- 
tion and the use of newer preparations 
may alter these conclusions. Tentatively, 
we can say that the anti-thyroid drugs 
precipitate a remission chemically in the 
same manner that surgery does mechan- 
icallj'^; not by correcting a fundamental 
etiologic factor, but by producing a re- 
adjustment of the endocrine interrela- 
tionship. The incidence of recurrence 
(33%) in our series is lower than that 
reported by Williams,^® and by Rose and 


Table 5 

(Prolonged treatment with thiouracil lengthens the incidence [B6%] and duration of remission in med- 
ically treated patients.) 


Patient Diagnosis 

L K. Previous operation 

M. M. 

D. A. 

A. C. 

R. C. Diffuse, toxic 

R. B. 

M, B. 

M. V. 

B. S. 

M. S. 

A. T. 

M. W. Toxic, nodular 

T. K. 

F. A. 

A. A. Exophthalmia 


from this treatment. The therapeutic 
and maintenance doses were in keeping 
until our previously described procedure. 
Patients were arbitrarily treated from 8 
to 12 months. The average length of 
treatment was 10 months. Reference to 
Table 5 will indicate the variety of cases. 
The type of goiter bore no relationship 
to the period of remission or incidence of 
relapse. Five patients experienced recur- 
rence of symptoms after treatment was 
stopped. These occurred between 6 and 
12 months after discontinuing the thio- 
uracil. This represents an average of 
8 months of freedom from symptoms 
before recurrence. Ten have shown no 
recurrence of the thjTotoxicosis for an 


Thiouracil 

Relapsed 

Period of 

tre-ctcd 

after treat. 

remission 

(mos.) 

(mos.) 

(mos.) 

9 

12 


12 

0 


9 


21 

10 


7 

12 


13 

9 


23 

12 


10 

12 

8 

io 

14 

S 


23 

12 


19 

11 

7 


10 


13 

9 

C 


S 


14 


McConnell.*^ The higher incidence of re- 
missions (66%) is apparently due to the 
prolonged period of treatment. Though 
the incidence of remissions bears a direct 
relationship to the duration of treatment, 
it must be borne in mind that prolonged 
treatment also increases the probabilities 
of toxic reactions supervening. This was 
exemplified in 2 patients who developed 
leukopenia 5 to 6 months after the initia- 
tion of treatment. With the advent of 
less toxic preparations the criteria for the 
choice of patients to be treated medically- 
may be modified to include a larger group 
because prolonged use of the drug may be 
employed with greater safety. Prolonged 
treatment may increase the duration of 
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the remission. Recourse to surgery can 
still be had for those medically treaterl 
patients who relapse into the thyrotoxic 
state after treatment has been discon- 
tinued. 

The resumption of the use of thiouracil 
after the recurrence of symptoms did not 
interfere with its efficacy, nor did it pre- 
clude changing to propylthiouracil in any 
of our patients. Three patients were given 
propylthiouracil immediately after being 
controlled ndth thiouracil without any 
loss of effect of the drug, while 5 patients, 
whose symptoms had recurred after dis- 
continuing thiouracil for a period of 6 to 
12 months, responded favorably to treat- 
ment with propylthiouracil. 

Discussion. The basal metabolism rate, 
the galactose thyroid function test, and 
the determination of the serum cholesterol 
were employed as diagnostic and thera- 
peutic guides in 100 patients treated with 
thiouracil and propylthiouracil. The basal 
metabolism rate and the galactose test 
complemented each other in some cases 
lioth for diagnosis and treatment. The 
determination of the basal metabolism rate 
still remains the simplest and most desir- 
able laboratory procedure. The galactose 
test is an excellent, and in some cases, a 
more informative -supplement. The de- 
termination of the serum cholesterol alone 
affords practically no information regard- 
ing the improvement of the patient under 
treatment. 

The prophylactic use of “solubilized” 
liver in conjunction with thiouracil did 
not prevent the occurrence of 1 case of 
agranulocytosis, 1 of granulopenia and 2 
of leukopenia. The subsequent use of 
large doses of lactis casei factor (folic 
acid) and of intravenous injections of 
pyridoxinc® did not stimulate the granulo- 
cytes. The administration of 50,000 units 
of penicillin every 3 hours combated infec- 
tion sufficiently long to allow spontaneous 
granulocytosis to occur in a case of 
agranulocytosis. The patients who de- 
veloped to.xic reactions to thiouracil were 
able to take propylthiouracil without ill- 
effects. The Ieukoc\-te count of the 


l)atients with leukopenia returned to nor- 
mal after this change of drugs. The only 
toxic effect that we observed with the use 
of propylthiouracil was the development 
of transient urticaria in 3 patients. 

The markedly^ decreased to.xic effects of 
propjdthiouracil allow it to be employed 
for a longer period of time with compara- 
tive safety. The prolonged medical re- 
mission thus produced may be a factor in 
reducing the incidence of recurrence of 
symptoms after the drug is discontinued. 
The medical treatment should be reserved 
for patients ’ndth mild diffuse toxic goiter 
without exophthalmos and without too 
much enlargement of the thyroid, as well 
as for those w'ho are not considered satis- 
factory surgical risks. 

It should be emphasized that toxic 
nodular goiters should not be treated for 
a prolonged period of time in a desire to 
effect a sustained medical remission. The 
experimental work of Bielscbowskj'^ and 
the subsequent confirming work of Can- 
taroxv ci aL^ indicated that the hyperplastic 
action of thiouracil on the thyroid gland 
in the presence of a carcinogenic agent 
such as 2-acetylammo-fluorene, caused 
localization of the carcinogenic effect in 
the hj'perplastic gland. In the light of 
this xvork it w'ould appear advisable to 
subject toxic nodular goiters that are 
prepared with thiouracil to subtotal thy- 
roidectomy. The surgical treatment re- 
mains the treatment of choice. The mor- 
tality’ rate of 0.73% as reported by 
Lahey® in the pre-thiouracii era has been 
reduced to 0.17% since the advent of the 
combined use of iodine with thiouracil. 
Because propylthiouracil offers more safety 
than thiouracil, its use in the pre-surgical 
preparation and in the medical treatment 
will be expanded. The progress of time 
xn!! permit a more secure appraisal to be 
made of the remissions that are seciired 
with the anti-thyroid drugs. In the mean- 
time, wc have at our disposal drugs, which 
when used judiciously and with vigilance, 
will decrease the period of hospitalization 
and the mortality rate in surgically treated 
patients. 
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Summary and Conclusions. 1. The 
clinical effects and the laboratory response 
to thiouracil and propylthiouracil were ob- 
served in 100 thyrotoxic patients over a 
period of almost 3 years. 

2. The galactose thyroid function test 
was helpful as a therapeutic guide and as 
a diagnostic supplement to the basal 
metabolism rate in 70% of the patients. 

3. The prophylactic use of “solubil- 
ized” liver as a source of folic acid failed 
to prevent the occurrence of 1 case of 
agranulocytosis, 1 case of granulopenia 
and 2 cases of leukopenia in thiouracil 


treated patients. Neither the use of pyri- 
doxine intravenously, nor large doses of 
folic acid stimulated granulocytosis. 

4. Propylthiouracil is less toxic and 
more potent than thiouracil and appar- 
ently can be used with relative impunity 
in thiouracil-treated patients. 

5. Ten of the 15 thyrotoxic patients 
treated medically with thiouracil showed 
a remission of from 7 to 23 months. 

6. The pre-surgical preparation of thy- 
rotoxic patients with the antithyroid 
drugs lessens the mortality rate and de- 
creases the period of hospitalization. 
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Biotin remains one of the group of 
B \dtamms that has not been responsible 
for clinical deficiencies in man. This 
could readily be explained by the fact 
that intestinal synthesis produces very 
adequate amounts of biotin, as was sug- 
gested in Part II of this series of papers.” 
Since that report was published in 1943, 
others^'^'®.®'''’ have shown that almost all 
of the B tdtamins are sj-nthesized in the 
human colon. These include thiamine, 
folic acid, and others, the lack of which 
causes deficiency states. Thus it would 
seem possible that unusual circumstances 
might occur that would lead to a biotin 
deficiencj'. The facts that a normal con- 
stituent of the diet, namely raw egg white, 
interferes -with biotin utilization, and that 
sulfa drugs inhibit bacterial growth in the 
colon, suggest possible ways to interfere 
with this protective mechanism. These 
facts have been utilized to produce biotin 
deficiencj' in animals. The present experi- 
ments were designed to study their sig- 
nificance in man. A search has also been 
made for eridence of states of biotin defi- 
ciencj' with the aid of a tolerance test and 
some suspected cases have been treated 
with biotin. 

There have been 3 attempts to produce 
biotin deficiencj' in humans. In all of 
them, aridin in some form was used. 
The first reports were made in 1942 bj' 
Sj'denstricker, Singal, Briggs, DeVaughn 
and Isbell.*® Thej' used 7 human volun- 
teers but were able to complete their 
experiments irith onlj' 4. The diet given 
was designed to be low in vitamin B 
members, though no estimates of its biotin 


content were made. It contained 200 gm. 
of dehj’drated egg white which was taken 
in solution in 3 equal portions ivith each 
meal. Usualij’^ the egg white furnished 
more than 30% of the total daily caloric 
intake. Changes were noted during the 
3rd and 4th weeks when all subjects 
developed a fine scalj" dermatitis. This 
cleared, but skin or mucous membrane 
changes developed later. After the 5th 
week mental or nervous sj'mptoms resem- 
bling e.xperimental thiamine deficiency de- 
veloped. The urines at about this time 
showed a marked reduction of biotin con- 
tent, from a normal of 29 to 62 gg. per 
24 hours to about 3.5 to 7. This rose 
rapidlj' after the injection of a biotin 
concentrate, about 150 fig. of which were 
required dailj' for relief of symptoms. 

The second report of an attempt to pro- 
duce biotin deficiencj' in man was made 
bj' Rhoads and Abels in 1943.*^ This 
experiment was done rvith the hope that 
a biotin deficiencj' might delaj' the course 
of mammarj' carcinoma in 1 patient and 
of leukemia in another. Diets containing 
46 to 60 fig. of biotin were used and they 
were supplemented bj' raw frozen egg 
wliite, dried egg white and avidin con- 
centrates. For the first 12 weeks, the 
equivalent of 1000 to 1200 units of avidin 
was used (I unit of avidin inactivates Igg- 
of biotin). This was later increased h.' 
500 to 750 units for the next 16 weeks and 
finally by 1000 to 1250 units for the last 
2 weeks. In spite of these large amounts 
of ai’idin, no decrease of the urinary ex- 


* uivo^tication ha.'s heon by a from thc.Iosiab Mncy, .)r., Foundation- 
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cretion of biotin occurred* and no signs 
of deficiency disease simulating those 
described by Sydenstricker and his 
co-workers^® appeared. 

Kaplan’ gave egg white or avidin con- 
centrate to 10 patients with malignant 
disease. A general diet as free as possible 
from food rich in biotin was used, and 
was supplemented with from 36 to 42 egg 
whites per day. Later in the study, an 
avidin concentrate capable of inactivating 
2000 fig. of biotin per day was used. 
Most of the patients were observed for 
many months, and none of them showed 
any signs of a biotin deficiency. Urinary 
excretion studies were not reported. 

The failure of 2 of these 3 groups of 
workers to produce a biotin deficiency by 
administering large amounts of avidin is 
difiBcult to explain, and the discrepancj' 
between the results is also confusing. 
Several possibilities suggest themselves. 
Avidin is a relatively insoluble material 
and it may not have been available for 
this reason in the experiments by Rhoads 
and Abels,*- and by Kaplan.’ Since a\ddin 
is thought to prevent the absorption of 
biotin from the intestine, another explana- 
tion would be that the avidin-biotin com- 
plex is not stable in the human intestinal 
tract. All of the patients who could not 
be made biotin-deficient had malignant 
disease, and the possibility exists that they 
utilize biotin differently for this reason. 
Our first group of experiments was done to 
test these possibilities. 

Methods and Results. A biotin tolerance 
test was devised. Twenty-four hour urines 
were collected from patients on an unre- 
stricted diet, and after a control day, a dose 
of 500 ng. of biotin was given which caused 
a marked increase in urinary output above 
the normal. Several days after the first 
dose, the same quantity of biotin was given 
with 250 mg. of aUdin, an amount which 
completely inactivated this much of biotin 
in the test-tube. The avidin was given in 
various ways. It was dissolved in ammo- 
nium sulfate, it was mixed with biotin in 
milk, and powdered biotin and axddin were 


mixed and given in capsules. Four patients 
were used. Two of them had pernicious 
anemia, and were shown to have no free 
hydrochloric acid in their gastric contents. 
The other 2 patients had malignant disease. 
One had a bronchogenic carcinoma and the 
other had chronic mj^elogenous leukemia. 

The results of these experiments are 
given in Table 1. They show that the 
avidin, by all methods of administration, 
effectively prevented the biotin from being 
excreted by all the patients and that 
a\ddin and biotin react in the human 
intestinal tract of patients with achlor- 
hydria or malignant disease in the same 
way that they do in normal animals. 

A study of biotin absorption from the 
colon Avas next made. Two subjects who 
had shown a striking increase in the urin- 
ary output of biotin after an oral test 
dose were given a dose by rectum. The 
biotin was dissolved in a few cc. of water. 
It caused an increase in the urinary output 
that w^as smaller than that which followed 
an oral dose, but large enough above the 
normal to indicate definite absorption 
(Table 2). The effect of sulfa drugs on 
the suppression of synthesis of biotin w'as 
also studied. We thought that a biotin 
tolerance test might indicate some degree 
of unsaturation in patients wdio had taken 
sulfa drugs for var^dng periods of time. 
In 6 normals, the amount excreted on the 
biotin day was 4 to 10 times that elimi- 
nated on the control day and varied from 
245 to 337 /xg. Two patients, 1 of w*hom 
took sulfadiazine for 2 weeks, and the 
other for 2 months, were tested. No e's'i- 
dence of biotin unsaturation could be 
demonstrated. A similar procedure was 
carried out on a patient who took sulfa- 
suxadine in doses of 9 gm. per day for 
16 days. His tolerance test showed a 
decidedly smaller output of biotin after 
the sulfasuxadine period than before, and 
suggested some degree of biotin unsatura- 
tion. However, his urinary output on the 
16th day of sulfasuxadine was normal 
(Table 2). 


• TUo method of biotin assay used mc.asurod l>oth the 
in Part III of this scries. 


tnie and the non-combinable biotin, described 
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Two other patients were studied with 
much more detail. TJiey were kept on a 
diet free from li^^er, kidneys and sweet- 
breads but otherwise unrestricted. Such 
diets probablj" contain less than 65 /jg. of 
biotin per day.^i With each meal they 
drank a glass of milk containing the 
whites of 2 raw eggs. This much raw egg 


was saved. Every 4tli night a dose of car- 
mine was given which could lie identified 
in the stools, and each 4 days’ stool 
specimens were pooled, dried and analyzed 
for biotin according to the procedure pre- 
■i’iousl^' described.^' The results of the 
studj' on 1 patient are sho^^Tl in Figure 1. 

This patient, who was 46, had a hepa- 


Tablb 1. — Effect of BtoTix and Biotin Plus Avidin Administration on the Urinabt 

Output of Biotin 


Day 

1 



Biotin per 24 hrs. 
(fig.) 

. . 28 

2 



. . 140 

3 



. . 23 

4 

} 


. . 26 

5 



. . 25 

6 



. . 33 

7 



. . 24 

1 



. . 38 

2 



. . 237 

3 



. . GS 

4 



. . ss 

5 



. . 30 

1 



. . 16 

2 



. . 19 

3 



. . 25 

4 



. . 211 

0 



. . 24 

6 



. . 20 

7 



. . 38 

8 



. . 29 

9 



. . 25 

10 



. . 366 

11 



. . 60 

12 



. . 48 

1 



. . 14 

2 



. . 14 

3 



15 

4 



. . 125 

5 



. . 24 

G 



. . 23 

7 



. . 21 

S 



. . 17 

9 



. . 21 

10 



, . 139 

11 



. . 31 

12 



, . 24 


Remarks 

500 fig. of biotin in milk 

500 fiff. of biotin and 250 mg. of avidin in milk 

500 fig. of biotin and 250 mg. of ai'idin in (NHp»SOi in milk 

500 fig. of biotin in capsules 

500 fig. of biotin and 250 mg. of a^•idin in capsules 


500 fig. of biotin in capsules 

500 fig. of biotin and 250 mg. avidin in milk 

500 fig. of biotin in capsules 


500 fig. of biotin in capsules 

500 fig. of biotin and 250 mg. avidin in capsules 

500 pg. of biotin in capsules 


white contains enough avidin to inactivate 
aiiout 115 pg. of biotin. In addition, they 
were given snlftisuxadine, sulfathalidine, 
or streptomycin by mouth to arrest bjic- 
terial growth and biotin s%-nthesis in the 
colon. Since vitamin K is also sNTithc- 
sized by colonic bacteria, the\- were given 
oral vitamin K and their prothrombin 
times were followed. Each day’s nrine 


toina of the liver. He ate poorly but took 
the milk and egg white faithfully. He 
was out of bed and his general condition 
remained fairly good until the day before 
the end of the experiment when he devel- 
oped an interperitoneal hemorrhage from 
which he died. He .showed a marked de- 
crease of biotin s\mthesis in the stooN 
and a fall of the urinary output to a low 
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level. There were no clinical signs sug- 
gestive of a biotin deficiency, possibly be- 
cause the experiment did not last long 
enough. 

A second patient was selected with the 
hope that he could be carried on the 
program long enough to be made deficient. 


Streptomycin 
Control (3 gm. daily) 



.•Average Daily 



0 


He was 63 and had chronic myelogenous 
leukemia, recently brought into remission 
by Roentgen ray therapy. He was not 
strong but was out of bed and ate fairljr 
well. At first he was given 9 gm. of sulfa- 
suxadine a day because 15 gm. had 
caused diarrhea in the other patient. On 

streptomycin 
(3 gm. daily) 
plus 

Sulfasuxadine Sulfasuxadine 

(15 gm. daily) (15 gm. daily) 



Stool Output 


1 

i 


Dailj- Urine Output 

r iG. 1. — EfTect of drugs on biotin synthesis. 
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the 5th and 6th days, his (undiluted) formation. The experiment was discon- 
prothrombin time became prolonged (the tinned after 46 days. A tolerance test at 
diluted prothrombin time remained nor- this time showed a slight]^' lower value 
mal) and the sulfasuxadine was stopped than the test done before the sulfa drug 
and 3 mg. of vitamin K were given par- was given (Table 2). 
enterally. Tnm days later, his prothrom- \Miile these metabolic studies were un- 
bin time "was normal and 6 gm. of sulfa- dem’aj^ another group of patients was 

T.vble 2. — Biotin Toler.vxce Tests 
Urinary output of biotin (/*».) 

Da 3 ' of test: 12 3 

Diagnosis (500 /ig. of biotin) Remarks 


Normal 

. 25 

245 

62 



tt 

78 

337 

71 



({ 

44 

259 

66 



tt 

42 

311 

46 



tt 

29 

294 

75 



tt 

38 

303 

74 



-A.S. heart disease . 

. 57 

244 

53 



tt tt 


104* 

54 


* 1 mg. biotin by rectum 


42 

263 

62 



Bacterial endocarditis 

. 34 

148 

58 


Before sulfasuxadine 


43 

95 

41 


After 16 days of sulfasuxadine 

u 

46 

416 

138 


After 2 weeks of sulfadiarine 


59 

113* 

69 


* 500 fig. biotin by rectum 

Lung abscess .... 

. 64 

37S 

64 


After S weeks of sulfadiarine 

Cirrhosis 

. 4S 

407 

92 



tt 

24 

208 

84 



fC 

56 

293 

106 



Peptic ulcer .... 

. 23 

232 

79 



tt tt 

54 

279 




Neoplasm 

. 17 

203 

41 



U 

10 

124* 

IS 


* Incomplete specimen 

tt 

2S 

140 

23 



Leukemia ... 

. 40 

168 

24 


Before sulfa drugs 

tt 

15 

125 

24 


After 46 days of sulfasuxadine 

it 





and Eulfathalidine 

Seborrheic dermatitis . 

. 39 

132 


123* 

* After 20 days 250 fig. biotin daily 

I( tt 

15 

119 


157* 

* After 14 days 250 fig. biotin daily 





180* 

* After 29 days 250 fig. biotin dailj' 

it It 

15 

114 


342* 

* After 20 days 250 fig. biotin daily 

tt (( 

10 

150 


120* 

* After 13 days 250 fig. biotin daily 

tt it 

52 

231 

72 



.Atopic dermatitis 

. 41 

153 

34 



.Alopecia totalis 

. 24 

25S 


280* 

♦ After 19 dnya 250 fig. biotin daily 

Alopecia areata 

. 40 

52 




Myotonia congenita 

. 33 

233 

50 

517* 

* After 7 days 1 mg. biotin subcu- 






taneously' daily 

.Aplastic anemia 

. 49 

244 

50 



Pernicious anemia . 

. 3S 

239 

6S 



t( U 

25 

211 

24 



tt it 

82 

352 


209* 

* After 19 days 250 fig. biotin daily 

Non-tropical sprue 

. 31 

.331 

25 




thalidine was begun. This was later in- 
creased to S, 10 and finally 12 gm. a day. 
The patient had no diarrhea, his appetite 
and strength improved and he . gained 
weight. There were no clinical signs of a 
deficiency state and his stool and urine 
analysis showed no decrease of biotin 


observed for e\'idence of biotin deficiency. 
For the past 15 or more years various 
workers have suggested that certain dis- 
ease states may be due to a lack of biotin 
(\'itamin H), but the first report of a 
clinical case was made by llilliams'® m 
1943. His patient, a 66 year old man ndlli 
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eccentric dietary habits, had consumed 2 
to 6 dozen raw eggs per week as part of 
an otherwise poor diet which included 
large amounts of wine. When admitted 
to the hospital, his entire face, ears, 
shoulders, dorsum of the forearms, hands 
and lower legs were fiery red and covered 
with medium sized scales. On the ward 
diet, the rash promptly cleared and it 
did not return when egg white and a low 
biotin diet were later given. The next 
report; of human biotin deficiency was 
made during the last j’^ear by Chavarria^ 
and co-workers from Costa Rica. They 
observed that children vdth vitamin B 
deficiencj'^ of severe degree developed 
canities and alopecia which disappeared 
when the other manifestations of the 
deficiency state were cured by a good 
diet. They thought that the addition of 
0.25 mg. of biotin 3 times a day acceler- 
ated the return of the hair to normal. 

Our studies were made principally of 
patients who might be expected to have 
evidence of vitamin B deficiency or who 
had skin or hair changes resembling those 
in biotin-deficient animals. Biotin defi- 
ciency has now been produced in the 
chicken, duck, rat, mouse, hamster, rabbit, 
dog, pig, calf and monkey, and the picture 
is quite similar in all of them. It is 
mainlj' a loss of hair (or feathers), a 
seborrheic type of skin rash and, in the 
late stages, the development of a sudden 
and severe paralysis. The latter has been 
shovm to respond to potassium adminis- 
tration and resembles periodic family 
paralysis.’®’’^ There have been no lesions 
in the central ner\'ous system. 

We used the following program in our 
study of patients. A biotin tolerance test 
was done to look for evidence of low biotin 
excretion in the urine or biotin unsatura- 
tion of the tissues. In some instances, a 
stool was analyzed to see if biotin was 
being s;\aithesized. To several patients, 
250 ng. of biotin a day was green for 4 to 
S weeks to see if it would impro\'e the 
clinical condition. On these patients, a 
24 hour urine was examined 1 week or 2 
after therapy began to see if the biotin 


was being utilized or excreted in the urine. 
The results seemed to indicate in every 
instance that the dose was adequate. In 
a few instances larger doses were admin- 
istered but the test always showed that 
about half of the biotin administered was 
eliminated in the urine. The results of 
these procedures are shown in Table 2. 

Most of the patients responded to the 
tolerance test in the same way as the 
normals, excreting about half the test dose 
or more. A few patients excreted rela- 
tively small amounts after a test dose 
which may indicate that their tissues were 
unsaturated. It is of considerable interest 
that 4 of the 5 patients with seborrhea 
had low values, excreting less than a third 
of the test dose. These patients all re- 
ceived biotin daily for 1 month or more 
with the following results. The first pa- 
tient had seborrhea and mild dermatitis 
of the scalp which seemed to improve in 
about 1 week and did not recur for several 
months. The second patient had an ex- 
tensive dermatitis of the face and scalp. 
This showed slight improvement for 

1 month, after which it relapsed while 
under treatment. The third patient had 
a mild dermatitis on many areas of the 
body and developed an acute generalized 
dermatitis from the overzealous use of 
local remedies. While this reaction was 
subsiding, he was given biotin and only 
bland local therapy on which he did well. 
When the skin was healed, he still had a 
verj”^ oily skin on the face and scalp. The 
fourth patient had seborrhea of the scalp 
and a dermatitis in the interscapular 
regions. Neither condition changed under 
therapy. The fifth patient had a classical 
seborrhea of the scalp with dermatitis at 
the hair-line, ears and nasolabial fold. It 
did not improve in 4 weeks of treat- 
ment. In addition to the 5 patients with 
seborrhea, biotin was also given to 2 pa- 
tients vith alopecia areata and 1 with 
atopic dermatitis without beneficial effect. 
They also recei\'ed 250 fig. daily for 1 to 

2 months. Stools were analj'zed on most 
of these skin patients and all were found 
to have biotin in normal concentration. 
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In view of the report from Costa Rica,- 
we were very hopeful that a patient with 
pernicious anemia and premature rvhite 
hair would benefit from biotin adminis- 
tration. She was 39 years old and had 
been studied at this hospital for 20 years. 
At the beginning of her illness, the diag- 
nosis was not clear, but later it was 
found that she could be kept in good 
general health and a normal blood count 
could be maintained bj’’ large doses of 
liver or folic acid. Neither of these treat- 
ments had affected her gray hair. This 
began shortly after the onset of her 
anemia and had progressed gradually 
until it became marked. All of the hair 
on her body had become smaller in diam- 
eter and had completely lost its pigment. 
It had been that way for 5 j^ears when 
our experiment was made. She showed 
biotin present in the stool and a normal 
urinary excretion and response to a toler- 
ance test. After 19 days of 250 ng. of 
biotin a day, she eliminated 209 ng. of 
her daily dose, a result which seemed to 
indicate quite a high degree of saturation 
of the body with biotin. Two months 
of biotin therapy had no definite effect 
on the canities. There had been no hair 
loss and no new hair grew. There have 
been reports that patients vdth pernicious 
anemia are deficient in several of the B 
\’itamins by chemical test.^ Our 2 other 
patients with pernicious anemia and 1 
with non-tropical sprue showed a normal 
response to the biotin tolerance test. 

In the third paper of this series,^^ it was 
shown that 2 biotin-like materials are 
excreted in human urine. One combined 
■with a^^din and thus reacted like true 
biotin. The other failed to combine with 
a\ndin and it was suggested that it might 
be a breakdown product of biotin which 
was excreted in the urine. The urinary 
excretion of this non-combinable material 
was measured throughout all these experi- 
ments. It showed no variations that could 
in any way be related to variations of 
biotin intake or tirine value. The biotin 
\-alucs of 15 urines were measured by S. 
ccrcrm<r plus a^-idin and L. casci methods. 


Values for true biotin were the same by 
both methods but there was no non-com- 
binable material in urine when measured 
by the L. casci assay. These findings do 
not support the idea that non-combinable 
biotin is a metabolic product of biotin. 

Discussion. The theoretical problem in- 
volved in producing a biotin deficiency in 
man vuth a\ddin seems to be to prevent 
the absorption from the human intestinal 
tract of about 50 fig. of biotin a day from 
food and se-\mral times that amount formed 
by intestinal sjmthesis. Nearly complete 
fixation of the biotin is probably necessary, 
since the daily minimal requirement is 
doubtless satisfied bj’’ . only part of this 
amount. Avidin in sufficient quantity to 
combine vdth 1000 to 2000 fig. of biotin 
did not accomplish this fixation in either 
the experiments of Rhoads and Abels’- or 
those of Kaplan.’ According to the cal- 
culations, they gave more avidin than 
Sydenstricker and his associates,’® which 
makes it apparent that the problem is not 
based on avidin dosage only. The relative 
ratios of biotin to avidin in these experi- 
ments cannot be calculated, since the 
biotin content of all the diets is not known 
and it is possible that this ratio and other 
factors, such as the form in w'hich biotin 
is given,® are also important. Our experi- 
ments show that a\’idin inhibits the use 
of biotin by man and animals in the same 
way and there is nothing so far to indicate 
that the production of a biotin deficienc.v 
in man with avidin is not primarily a 
problem of using proper quantities and 
ratios. 

In our experiments with sulfa drugs, 
ordinary dosages have not seriously im- 
paired biotin .sjmthesis. The type of 
drug and factor of dosage are important, 
and large doses of sulfasuxadine almost 
completely stopped biotin sjmthesis in 1 
subject’s colon. The 20 fig a daj' he was 
eliminating in the feces are partlj' ac- 
counted for bj' the biotin contained in 
the 6 egg whites and in the food biotin 
which was fixed bj' the avidin in the egg 
whites. It would thus seem that sjmthesis 
was almost completclj' stoppcfi. Viicther 
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this inhibiting action of non-absorbable 
sulfa drugs can be maintained long enough 
to produce a biotin deficiency state in man, 
remains to be seen. It has been done in 
animals in less than 6 weeks.® More 
work is needed to see how much harm 
can result from the inhibition of vitamin 
synthesis in man by sulfa drugs. 

The study of patients with the aid of 
a tolerance test showed a low response 
by 4 of the 5 with seborrhea. This finding 
lends support to the idea, which has been 
proposed by several workers, that human 
seborrhea is related to biotin deficiency. 
Treatment of these patients with l^iotin 
has shown no consistent e\4dence that 
the treatment was of ^’^alue. In a few 
other conditions with skin and hair dis- 
turbances, biotin has also failed to have 
any definite effect. No harmful effect of 
biotin administration for several months 
has been observed, and the results of urine 
output studies indicate that larger doses 
of biotin probably would not ha\'’e done 
more good. The results thus do not indi- 
cate that any of the conditions studied 
are related to a lack of biotin. 


Summary and Conclusions. 1. An oral 
dose of 500 /xg. of biotin given to human 
subjects as a tolerance test caused a 
marked increase in 24 hour urine output. 
In a group of normals, this varied from 
245 to 337 jug. The same dose given with 
250 fig. of avidin caused no increase of 
urinary output. Biotin given by rectum 
caused an increased urinary output. 

2. Sulfa drugs in ordinary doses did 
not seriously interfere with the synthesis 
of biotin by bacteria in the colon, but large 
doses of sulfasuxadine caused almost com- 
plete inhibition of biotin synthesis. 

3. A tolerance test showed that 4 out 
of 5 patients with seborrhea had a low 
urinary output after a test dose. Biotin 
administration to these and to a few other 
patients with skin disorders had no defi- 
nitely beneficial effect. 

4. Marked variations in the urinary 
output of biotin were associated with no 
consistent change in the urinary output 
of non-combinable biotin-like material. 
The urine values for biotin in assays done 
with S. ccrei'isise and L. casci were the 
same. With L. casci, no non-avidin com- 
bining material was found. 


The technical assistance of Mrs. Marion Goldberg Laeger is gratefullj’ acknowledged. Supplies of 
biotin and avidin were kindly furnislied by Dr, Elmer L. Sevoringliaus, Director of Clinical Research 
of Hoffmnnn-La Roche, Inc., Nutley, N. J. 
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After the bacterial nature of this 
disease was demonstrated, there followed 
countless efforts to effect a “cure” by 
sterilization of the blood stream. It 
seemed, however, that the very character 
of the local endocardial focus defeated 
the therapeutic efforts. Masses of bac- 
teria multipljdng vdthin a dense network 
of fibrin and blood cells and slowly de- 
stroying the valve are the essential patho- 
logic lesion. A considerable list of various 
substances for oral, subcutaneous or intra- 
venous administration were tried. Hexa- 
methylenamine, quinine, salicylate, aniline 
dyes and various preparations of silver, 
mercury and arsenic all proved to be 
clinical failures.®®'^ A re^^ew of the re- 
corded cases reveals that the disease may 
end in apparent recovery but this is rare.*® 

With the advent of the sulfonamides, 
new hope was given to the problem. 
Sulfanilamide,®^ sulfathiazole and sulfa- 
diazine were giA^en clinical trials'® resulting 
in the adoption of sulfadiazine as the 
drug of choice. Attempting to break 
down the endocardial A^egetations to reach 
the organisms, massiA^e doses of sulfadia- 
zine, intraA-enously and by mouth, were 
giA-en. This therapy produced a blood 
concentration of from 40 to 85 mg. per 
100 cc. of blood.®* Untoward results, 
renal, gastric and on the blood, AA ere con- 
sistently' present. Because of these dan- 
gers and the A-ariability of the results, 
sulfonamide therapy alone was concluded 
to be largely a therapeutic failure *®'**-®' 
(see below). 

.Anticoagulants AA'cre introduced for the 
solution .and prei'ention of the thrombo- 
vcgetative lesions. Hep.arin avus the drug 
adA'ocatcd and after many .applications, 
efficient and conscientious efforts proved 
heparin to be a clinical disappointment. 
The antibiotics, chiefly penicillin, opened 


a promising field of therapy. Penicillin 
and heparin Avere administered together 
AAuth A'arying results. It has been clini- 
cally shoAA'n that the cases which responded 
successfully were due to penicillin alone. 
The use of heparin or any anticoagulant 
has lost faA'or in the treatment of subacute 
bacterial endocarditis.*®-*'-'**'®* 

In the last 5 years reports haA-e been 
slowly coming in stating the efficacy of 
penicillin. A sizable literature has ac- 
cumulated and the prognosis of a preA-ious 
uniformly fatal disease has changed. It 
is the purpose of this paper to correlate 
the facts obtained and reA'iew a large num- 
ber of cases so that adequate conclusions 
may be made. This paper reAuews 521 
cases recorded in the literature all treated 
Avith penicillin. A careful analysis will 
attempt to elucidate a scheme regarding 
the dosage, route of administration and 
proper dmation of therapy. 

Susceptibility of the Org.anism. All 
organisms isolated from the blood must 
be tested for their susceptibility to the 
type of penicillin which Avill be adminis- 
tered. This rule must be followed -n-ithout 
exception.*'*'-*®'®* 

Not infrequently a patient suffering 
AA'ith this disease is started on relatiA'ely 
small doses of penicillin before a positiA'c 
blood culture is obtained. This practice 
is decidedly detrimental to the prognosis 
of the case. The organism may lose its 
sensitiA-ity to penicillin, A\'hile the chances 
of obtaining a positive blood culture arc 
lessened in spite of the addition of pen- 
icillinase to the culture material. Un- 
doubtedly the endocarditis progresses and 
further embarrasses the heart. Ne\’erthe- 
less, it is best to AA'ithhold penicillin until 
a positiA'e culture is obtained. 

Fourteen patients presented OA-enrhelm- 
ingly positiA'e clinical signs and symptoms. 
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though repeated blood cultures failed to 
reveal a causative organism. Massive 
doses of penicillin were instituted and sub- 
sequent blood examination during therapy 
revealed organisms sensitive to penicillin. 
This method is too hazardous to the pa- 
tient and is not recommended, although 
a clinical cure may be effected. If the 
routine methods fail to demonstrate a 
bacterial etiology, then anaerobic and 
arterial cultures should be tried. 

The routine test tube serial dilution 
method or a modification of the Hobby^ 
method was used to determine in vitro 
sensitivity. In 469 cases (90.1%) of the 
series, the Streptococcus viridans was the 
infecting organism. This organism exhib- 
ited an average range of sensitivity, in 
vitro, of 0.01 to 1 unit per cc. Of these 
469 patients, 448 (95.5 %) were considered 
as penicillin sensitive within therapeutic 
limits. The remaining 4.5% were thera- 
peutic failures due to (1) relatively high 
resistance of the organism, (2) mixture of 
organisms, (3) hidden foci of infection 
containing resistant strains. Non-hemo- 
lytic streptococci constituted 6.2% of the 
cases, /3-hemolytic streptococci 1.9% and 
all others 1.8%. These last mentioned 
organisms composed those cases which 
were regarded as penicillin resistant, with 
an average range of sensitivity of 0.9 to 
6 and higher units per cc. 

A possible source of error in the above 
figures may be due to the fact that since 
the Strep, xiridans group is far more sensi- 
tive to penicillin than the others, it affords 
a ready clinical success. It is quite natural 
to report the successes rather than the 
failures. However, a careful survey of 
consecutive cases treated substantiate the 
overwhelming preponderance of this organ- 
ism as the infecting agent. We may say 
then, that the common finding in this 
disease is a penicillin susceptible strain of 
Strep, viridans. 

Priest^^ ct al. claim that in vitro sensi- 
tivity is not per sc significant as regards 
ultimate success of therapy. Previous 
duration of the disease and adequacy of 
dosage are more important prognostically. 


Christie'^ in his excellent paper points out 
that the resistance of the infecting organ- 
ism by ordinary methods appeared to be 
of no clinical importance within a wide 
range. Only when the organism was more 
than 10 times as resistant as the standard 
test staphylococcus did this measurement 
appear to be of therapeutic and prognostic 
significance. 

Let the reader be aware that it is the 
determination of sensitivity to penicillin 
that guides the dosage and duration of 
therapy. Repeated tests made during 
the course of treatment indicate if steriliza- 
tion, increased or decreased sensitirdty is 
being effected. Some will argue that mas- 
sive doses, enough to overwhelm an;^' 
organism regardless of its degree of sensi- 
tivity, obviate the need of these tests. 
Obviously successes will be achieved, for 
as pointed out the great majority of cases 
are sensitive. This type of “pseudother- 
apy” is froAvned upon. It is to be hoped 
that physicians will not reach for their 
penicillin someAvhat as a panacea. Stress- 
ing this point, Reimann^ warns that 80 % 
of penicillin now given is wasted because 
(1) fever is often the o?ilp indication for 
its use, (2) the dosage is too small, too 
interrupted, too large or is given longer 
than needed, (3) most important of all, 
widespread use of penicillin will gradually 
induce penicillin resistant bacteria which 
will cancel its curative effect. 

Loewe^ has demonstrated a special tjqie 
of organism which he calls “Streptococcus 
s.b.c.”; it is for all purposes refractory to 
penicillin. Priest and McGee’’® isolated 
Hemophilus parainflucnzre once in 4 re- 
fractory cases. The organism was not 
affected by penicillin in vitro, regardless of 
concentration. Examination revealed a 
sensitiAuty of the resistant streptococci to 
streptomycin of from 0.1 to 1 unit per cc. 
Streptomycin therapy was instituted with 
success. These organisms are not isolated 
with any frequency. 

The unique AA'ork of Dick and Schwartz’® 
in producing experimental endocarditis in 
dogs by repeated injection of organisms 
isolated from human cases may be of 
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interest to the reader in ^'ie^v of tlie above 
discussion. 

Dosage and Duration of Penicillin 
Therapy. Before discussing the dosage 
of penicillin a brief summary regarding 
the source of the organisms is in order. 

Katz, Priest,'**-'*- Annone,- Ward“ and 
others have conclusi'i'elj’^ demonstrated 
that infections of the upper respiratory 
tract, extraction of teeth, tonsillectomy 
and other minor ailments vere the pre- 
disposing causes in over 70 % of the causes. 
In this paper 408 cases (78.4%) resulted 
from the above causes. The logical solu- 
tion of the problem of bacterial endo- 
carditis lies in the prompt and adequate 
therapy of all knovm bacteremias, plus the 
prophylactic use of penicillin in extraction 
of teeth and in every case of upper respira- 
tory infection or anj'’ other infection in 
patients suspected of having vahnilar in- 
volvement. Ideally, cultures should be 
made on all patients where a Ijacteremia 
occurs due to infection particularly in 
patients known to have cardiac damage. 
This led the Philadelphia Heart Associa- 
tion'*® to state, “ All persons suffering from 
rheumatic fever should receive penicillin 
before all operations on the upper respira- 
tory tract.” 

Thill and Meyer,®- in their recent work, 
have clearlj’’ demonstrated that penicillin 
therapy must be maintained for at least 
3 days after the removal of a focus of 
infection if subacute bacterial endocarditis 
is to be prevented from developing in 
cases of kno^vn and suspected cardiac 
damage. 

The close relationship between rheu- 
matic fever and subacute bacterial endo- 
carditis is Well known®-*® since a previously 
damaged valve predisposes to bacterial in- 
vasion. Hheumatfc fever w.-is present in 
0.5 % of the case histories in this series. 

Sulfamenazincr has recently been used 
in rheumatic patients requiring teeth e.x- 
traction ns a prophylactic measure to 
combat any bacteremia which may further 
damage the heart. This dnig, because of 
its low renal toxicity has been used in 
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patients requiring oral surgery during the 
course of penicillin treatment. 

Before administering penicillin, all foci 
of infection should be looked for, espe- 
cially oral sepsis. Eradication of these 
foci is essential if an adequate regimen of 
therapy is to be carried out.®®-®* 

A blood penicillin level of concentration 
to overwhelm the organism must be main- 
tained at all times. This necessarily means 
a large daily dose of penicillin. What 
constitutes an adequate dose? Many 
workers®*-®* have shown that a serum pen- 
icillin level of from 3 to 10 times the 
in vitro sensitivity of the organism is 
desirable. Why is this necessary? It 
was not completely understood®® why some 
cases with sensitive organisms require only 
2 weeks or less of treatment while others 
infected with organisms of the same degree 
of sensitivity require 6 to 8 weeks or more. 
Also, a wide A-ariation of serum penicillin 
levels was obtained in different patients 
from the same dose by whatever methods 
given. Priest*’ produced no cure in cases 
where the mean penicillin serum level was 
not above 0.5 unit per cc. and yet only 
25% required more than 0.1 unit per cc. 
for in vitro inhibition. 

A possible solution suggested is that 
as long as the organisms could multiply 
within and on the endocardial vegetations 
and ser\’e as an active focus, therapy was 
useless. True, the peripheral blood from 
which cultures were made proved to be 
negative, but the moment the low dosage 
of penicillin was stopped, the cultures 
again became positive.* Therefore the 
penicillin must penetrate deeply through 
a dense meshwork of fibrin to attack the 
clumps of bacteria. Because of the very 
nature of this lesion Le^dne®® admitted 
that “ bactericidal agents cannot penetrate 
the fibrin and tissue that surround the 
causative organisms.” “Mere steriliza- 
tion of the blood stream is not sufficient 
for a cure.” Nathan.son cl in ex- 
pertly controlled c.vperiments, reveal the 
heretofore a.ssumed fact that penicillin can 
and docs diffuse through fil)rin. It can 
therefore be assumed that a definite low- 
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ering of the penicillin concentration in (he 
l>lood is effected during penetration. 

The experiments were performed on 
B. subiilis organisms, using penicillin assaj-- 
cups. Human fibrinogen obtained from 
the Harvard Medical Research laborator- 
ies was used. 

Table 1.— Effect of Sulfa thiazole and 
Sulfadiazine on B. Subtilis 
Cultures in Fibrin 

Diameter of Zones of Inhibition in millimeters 
Hours Sulfathiuzole Sulfadiazine* 


24 .... 0 0 

4S . . . . 0 0 

72 .... 0 0 

92 .... 0 0 

120 .... 0 0 


* M/25 concentration. 

Table 1 reveals that there is no evidence 
of peneti’ation of sulfathiazole and sulfa- 
diazine into fibrin. 


Table 2.— Effect of Penicillin on 
B. Subtilis Cultures in Fibrin 


. Diameter of Zones of Inhibition 

in Millimeters 

Ppnicillin miits/oc. 0.5 

1 

0 

4 

Hours 





24 . 

9 

9 

9 

10 

48 

. 9 

9 

9 5 

12 

72 . 

9 

10 

10 

12 

96 

. 10 

12 

13 

14 

120 . 

. 10 

12 

14 


144 . 

. 10 

12 

14 


ICS . 

. 10 

12 

14 



Results indicate that penicillin diffuses 
freely into fibrin as compared to sulfa 
compounds. It is clear, in evaluating the 
efficiency of a drug in the treatment of 
subacute bacterial endocarditis, that the 
ability to penetrate fibrin requires im- 
portant consideration. 

In the early days of the disease, the 
vegetations are small and the fibrin com- 
ponent is relatively sparse. As the disease 
progresses the fibrin is deposited with 
inci-eased intensity and ulceration witli 
final destruction of the valve may be the 
end-result.®-'''^ Thus, the period between 
onset and treatment of the endocarditis 
becomes vital to the patient. If penicillin 
is administered in the early stages, pene- 
tration is easier: therefore, the dose needed 
is small and the duration of therapy les- 


sened. Prie.sf" and others'--®'’’ conclude 
that if the duration of the disease without 
treatment is greater than 0 to 14 days, 
therapy must be intensified in proportion 
to the number of days without medication. 
By intensified treatment we no longer 
mean only increased dosage but prolonged 
therapy. 

Table 3. — Effectiveness of Penicillin in 
Relation to Duration of Disease 


Organism : Strep, viridans; 
0.05 unit/cc. 

average 

sensitivity 

Clinical 

No. 

Daily dose 

Duration 

cure 

cases 

(units) 

(d.ays) 

(%) 

30 . 

. 100-200,000 

14-21 

56.1 

IS 

. 100-200,000 

28-40 

64.3 

22 

. 300-500,000 

14-21 

72. S 

46 

300-500,000 

28-35 

87.5 


Table 3 adequately explains the need of 
high dosage and increased duration to 
achieve better clinical results. None of 
these patients had received previous ther- 
apy. Thill,®® Rykert,^® and others’-®'®® in 
their studies caution that patients who 
liad received distinctly inadequate penic- 
illin therapy before coming under observa- 
tion presented a more difficult problem, 
as far as control was concerned. Increased 
bacterial resistance and progressi^’e endo- 
cardial lesions were the essential factors 
in producing this problem. At present 
our methods cannot tell us the state of 
the vegetative lesions. There are no defi- 
nite laboratory or clinical criteria avail- 
able for predicting in which cases the 
disease will remain permanently cured 
after treatment is stopped and in which 
cases there will be relapses. 

Another important reiison for prolonged 
therapy is the matter of relapses (bacter- 
emia). E.xperience teaches that if re- 
lapses occur the\' do so within the first 4 
to 6 weeks of treatment. Relapses after 
50 days are extremely rare. Regardless 
of penicillin concentration, the bacteria 
m’thin the \'egetations are very refractory. 

Therefore, on the basis of the lesions 
and the clinical endence the following 
plan is advocated: (1) daily dose of 
500,000 units is given for a minimum of 
2S days; (2) if at the end of this time the 
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patient is not doing well, the dose is in- 
creased to 1,000,000 units per day for 
another month; (3) penicillin serum levels 
are determined twice weekly. 

At first glance this plan may seem radi- 
cal, but a knowledge of the nature of the 
lesion, which progresses to destroy the 
valve, and of the materials used in treat- 
ment, demonstrates this time-dose rela- 
tionship to be adequate. The reader is 
again reminded that clinically, increased 
dosage is no substitute for prolonged treat- 
ment. Delay in controlling the infection 
also exposes the patient to the many 
dangerous complications of this disease 
(see below). 

Route of AninNisTRATiON. Agreed 
that treatment must last at least 1 month, 
the next point to decide is a suitable 
method of administering the penicillin. 
The method should be one which insures 
a more or less constant high effective 
level of penicillin in the blood stream. 
Penicillin is rapidly excreted. Intraven- 
ous, intramuscular or subcutaneous routes 
are the desirable modes of administration. 

The frequency distribution of plasma 
penicillin levels at ^ hour, 2^ hours, and 
3 hours after intramuscular injections 
of 10,000, 15,000 and 20,000 units were 
carefully studied.^ At the end of 30 min- 


24 hour dose is divided into 24 equal 
parts each dissolved in 1 cc. of sterile 
physiologic saline and injected into the 
gluteal region. Properly executed, this 
procedure is painless when purified pen- 
icillin is employed. 

However, it is less wasteful of penicillin 
if the muscular route is used, to give the 
penicillin by continuous intramuscular 
infusion.'^ More advantageous is the 
continuous intravenous drip. Continuous 
intravenous drip is the route of choice, 
since penicillin enters the circulation 
directly and affords a faster control of the 
disease. Patients with mild congestive 
failure can tolerate the extra fluid if the 


sodium intake is low.^* The penicillin is 
dissolved either in physiologic saline or 
5 % glucose. Thrombophlebitis is the only 
complication of prolonged injection of a 
vein, therefore the site of administration 
is often changed during therapy.'*^ 

The administration of penicillin in pea- 
nut oil and beeswax’® to several cases has 
produced good results after a single daily 
injection of 300,000 units. This method 
has its limitations, for the patient must 


)e watched, and laboratory procedures 
irevent his being “ambulatory.” At 
uesent this method is receiving further 
fnr?\r TvnfVi flip Tnnrp. niirified nenicillin 


utes, the level was maximum in relation 
to the dose and dropped rapidly until it 
was 0 unit per cc. The zero level was 
reached in 3 horns with 10,000 units, 
85 hours with 15,000 units and 20,000 
units. In order to maintain plasma levels 
of 0.5 unit per cc. or higher by intramuscu- 
lar administration; continuous infusion or 
intermittent injection of penicillin around 
the clock must be used. IMiile occasional 
cases have responded to intramuscular 
penicillin, given every 3 hours,®®'®® this 
scheme is not advocated. For practical 
purposes, no drug remains after 2 hours 
from a single injection. If a uniformly 
high effective level is to be maintained 
by intermittent therapy, penicillin should 
he given every hour on the hour day and 
night for the entire treatment period in 
the great majority of patients. The total 


products. 

With the recent advent of highly puri- 
fied penicillin, subcutaneous administra- 
tion has come to be of practical impor- 
tance. Experimental studies reveal an 
adequate blood level after subcutaneous 
injection equal to intramuscular injection. 
To date this method has not been used- 
Foter ci air” suggest that rubber tubing 
intended for continuous drips procedures 
be checked for inactivating effects, for 
their experiments confirm reports from 
England on the inactivating effect of 
synthetic rubber upon solutions of penicil- 
lin. Clinically, this inactivating effect has 
not as yet been noticed. The preparations 
of penicillin used in this study were: (f) 
an almost pure amorphous sodium pen- 
icillin (1550 units per mg.) put up in 
200,000 unit rials; (2) cr\-staliinc sodium 
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penicillin (1400 units per mg.) in 200,000 
unit vials; (3) pure crystalline potassium 
penicillin (1631 units per mg.) in 100,000 
unit vials. 

Complications. A thorough study of 
the complications encountered is not the 
purpose of this study. Brief mention will 
be made of those conditions commonly 
seen. Heading the list is congestive heart 
failure closely followed by infarction of 
the kidney, spleen, lung and brain. Pen- 
icillin will eliminate the infection of bac- 
terial endocarditis in a great majority of 
both early and late cases. In cases of 
long standing the irreparable damage done 
to the heart valves in the presence of myo- 
cardial damage manifests itself as uncon- 
trollable congestive heart failure when the 
period of treatment is completed or shortly 
thereafter.^® 

Cerebral embolism is an unpredictable 
cause of death which occurs occasionally 
during the prolonged therapy. Other em- 
bolic effects are responsible for various 
organ infarcts. Ward®® found a micro- 
scopic hematuria in his 18 cases, and 
autopsy evidence in 2 cases showed focal 
embolic glomerulonephritis. Further in- 
formation regarding subject matter per- 
taining to this disease is not wthin the 
scope of this study, may be found in the 
selected papers appended. 

Criteria for Success. As stated 
above, at present there are no constant 
laboratory or clinical findings which prove 
a cure.®® Some claim that the leukocyte 
count and sedimentation rate are valuable 
criteria,'*^ while others prove these tests 
worthless.®^ Success can only be measured 
by the increased mental and emotional 
stability of the patient, normal tempera- 
ture and general well-being of the patient, 
easily determined by the attending physi- 
cian.*-®® 

It cannot be stressed too much that 
hope should not be abandoned for a suc- 
cessful outcome in apparently doomed 
cases. Even though the penicillin dosage 
rises to astronomical amounts, treatment 

Sincere appreciation is c.xprcssscd to Dr. Charles 
F. Froio for their inv.ahiablc aid in the prcporatic 


should be continued for as long a time as 
is necessary for a cure, even if this is a 
matter of months.®’*^-*®'®®'^^ 

Autopsy cases of healed endocarditis 
show that the vegetations undergo fibrous 
organization.®® When the fibrous tissue 
contracts, a small elevation is left on the 
deformed valve. It is believed that as the 
vegetation becomes organized during ther- 
apy, friable fibrin masses break off and 
lodge in various organs. 

As other antibiotics are discoi^ered and 
proven clinicallj^ their use in this disease 
will be of interest. Combination antibiotic 
therapy seems to hold even brighter hopes 
for the future. 

Summary and Conclusions. The writer 
has analyzed the reports in the literature 
of 521 cases of subacute bacterial endo- 
carditis treated with penicillin. Clinical 
arrest was effected in 371 patients (71.3 %) 
who have continued to remain well. In 
an additional 95 cases (18.2%) a “cure” 
was produced in the hospital, but the 
disease recurred and the patients died 
within 3 to 4 months. No autopsies were 
performed in this group. The remaining 
55 cases (10.5%) were complete clinical 
failm-es. 

The following principles of treatment 
are amply justified by this composite e.\'- 
perience; 

1 . The sensitivity of the infecting organ- 
ism to penicillin should be determined m 
vitro within a range of 0.1 to 1 unit per cc. 

2. If the organism is sensitive, the 
dosage of penicillin should be 500,000 units 
daily by continuous intravenous drip. 

3. All cases should be treated as early 
as possible. 

4. Therapy should be continued for at 
least 28 days. If the patient’s condition 
does not improve, 1,000,000 units should 
be given daily for 28 more days. 

5. The plasma level of penicillin and 
the sensitivity of the organism to pen- 
icillin irt x'iiro should be determined twice 
a week. 

• Brown, Dr. CliarJes M. Thompson and Dr. Greporx 
of this paper. 
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Non-atheromatous Lesions of the Coronary 
Arteries 

1. Congenital Anomalies 

2. Medial Calcification of Infancy 

3. Inflammatory Lesions 

A. Specific Infections Diseases 
Sj'philis 

Tuberculosis 

Other Bacterial Infections 

B. Arteritis of Unknown Etiology 
Rheumatic Fever 
Polyarteritis Nodosa 
Thromboangiitis Obliterans 

4. Aneurysms 

5. Embolic and Thrombotic Disease 
0. Ncojilasm 

The most important disease of the 
coronary arteries is atheroma. Ninety to 
95% of all cases of myocardial infarction 
result from changes in and around an 
atheromatous plaque which result in re- 
duction of the blood supply to the affected 
area. As a result of the recognition of this 
important fact, most attention, clinically 
and investigulively, has been devoted to 
the atheroma and properly so. Other 
lesions of the coronary arteries are clinical 
curiosities and scant attention has been 
given to them. It is the intention of this 
report to classify these changes and gather 
in one place the knowledge, especially in 
the way of recent ad^•ances. now scattered 
throughout the literature. Only the salient 


features are discussed hut most of the 
important late and key references are 
given for further study. 

Congenital Anomalies. Anomalies of 
the coronary arteries are not infrequent 
hut are seldom the cause of symptoms. 
Most of the anomalies are those of origin, 
number, size or distribution. In almost all 
such cases, even when only one coronary 
artery is present, there is sufficient col- 
lateral circulation so that the heart func- 
tions normally. In none of Stryker’s®® 
cases, nor in those of Knop and Bennett,^® 
was death directly attributahle to the 
coronary abnormality. 

Pifty-fi^-e anomalies of the coronar^\' 
arteries were seen at the Mayo Clinic 
between 1922 and 1944.®® In 3 cases, the 
abnormalities were multiple. There were 
2S cases of accessory coronary orifices; 
15 of aplasia or absence of a main coronary 
artery: and 15 of involvement of the 
coronary artery (11 of the right and 4 of 
the left). In 3 of these eases,- the left 
circumflex branch was absent; in 9 there 
was distinct abnormality in position of 
origin of tlie coronary arteries; in 1 there 
was stenosis of the left coronary; in 1 the 
rigid coronary artery arose from the pnl- 


92 


PHOGHESS OF MEDICAL SCIENCE 


monary artery, and in 1, there was a 
single arterial trunk mth a single ventricle 
with no aortic coronary openings but the 
right coronary artery arose from the 
carotid artery. 

Stern®^ reported reduplication of the 
right coronary artery in a boy of 16 who 
died of rheumatic heart disease. There 
were 2 orifices side by side at the usual 
point of origin of the right coronary artery. 
The 2 vessels did not join during their 
course. They were both small and together 
their capacity was probably much less 
than that of a normal artery. This may 
have accounted for an unusually thin right 
ventricular wall. 

It is fairly frequent for one or both 
coronary arteries to arise above the upper 
level of their respective sinuses of Valsalva. 
In 1000 consecutive autopsies, this con- 
dition was found in 80.'^® It is very likelj' 
that such arteries are specially susceptible 
to syphilitic disease of their orifices. 

There are many variations in the dis- 
tribution of blood to the posterior surface 
of the heart near the interventricular 
groove but these should not be described 
as anomalies. 

Anomalous origin of the left circumflex 
coronary arterj”^ has been described in 4 
cases.® In each of these the right coronary 
artery and the left descending artery were 
of normal size and distribution. In 3, the 
left circumflex artery arose directly from 
the right sinus of Valsalva, immediately 
posterior to the origin of the right coronary 
artery. In the fourth case the left circum- 
flex artery arose as a branch of the right 
coronary artery 1 cm. from its ostium. 

Single Coronary Artery. The presence 
of a single coronary artery is a rare anom- 
aly which was exhaustively studied by 
Krumbhaar and Ehrich®* and more re- 
cently by Roberts and Loube.®' The latter 
collected 22 cases from the literature and 
added 9 of their own, 31 in all. Among 
the.-;c, the left coronary artery was missing 
in 17 cases; the right in 11 cases; in 3 the 
identity of the missing artery was not 
crident from the description. 

For 26 patients, the age at death was 


given, ranging from 3 days to 68 years. 
Excluding 4 children, the average age was 
45 years. Thus, the absence of one cor- 
onary artery is compatible ndth long life. 
In only 6 of the series could death be 
related to the anomaly; in 4 there was 
myocardial infarction. Seventeen of the 
cases tvere in males; 9 in females; in 2 the 
sex was not given. 

The possible mechanism for the anomaly 
is discussed by Roberts and Loube. Three 
possibilities are given; (1) Absence of the 
anlage for one coronary artery; (2) a dis- 
placement of the anlage of one coronary 
artery so that it fuses with the anlage of 
the other; (3) occlusion by thrombosis, 
infection or maldevelopment of one cor- 
onary artery soon after its formation, with 
failure of subsequent canalization and with 
compensatory dilatation of the remaining 
vessels. 

Origin From Ptilmonary Artery. One or 
both coronary arteries may arise from the 
pulmonary artery. The literature on the 
subject is extensively renewed by Kaun- 
itz.®® T\vo other cases w’ere reported by 
Lyon.®® 

The primitive endothelial buds which 
will later form the coronary arteries de- 
velop before the common arterial trunk 
is divided by the spiral septum into the 
aorta and the pulmonary artery.®® A dis- 
placement of either (spiral septum or 
endothelial buds) may result in the en- 
closure of the buds within the pulmonary 
artery. 

1. Left eoronary artery arising from the 
pulmonary artery. Kaunitz was able to 
list and summarize in an excellent table 
19 cases of the left coronary artery origi- 
nating from the pulmonary artery in 
which the patient did not surrive infancy. 
He added 2 more, as did Lyon el al., bring- 
ing the total number of cases in this 
category’’ to 23. In each case there was 
hy'pertrophy' of the left ventricle, occa- 
sionally of enormous degree. IMicroscop- 
ically, the muscular walls show all the 
changes, degeneration, necrosis, fibrosis, 
calcification, which characterize myo- 
cardial infarction after coronary occlusion 
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in the adult. In addition, dilated sinuses 
have been found in the left ventricle (and 
in 1 case,*^ in the pericardium), which 
seem to communicate with the left ven- 
tricular cavity. It is possible that these 
represent functioning communications.^ 
The clinical picture in most reported 
cases has been remarkably constant. The 
child seems normal at birth. Several 
months later there are manifestations such 
as dyspnea, pallor, doubling up, usually 
after feeding, which seem to indicate that 
there is pain. The picture seems definite 
enough to warrant the possibility of diag- 
nosis during life, as has recently been 
demonstrated by Eidlow and Mackenzie.^^“ 
They used 3 criteria: attacks of sweating, 
pallor, cyanosis, dyspnea, all seeming to 
indicate pain; heart enlargement; electro- 
cardiographic evidences of infarction, in- 
verted Ti and 2 and deep Qi. Lyon et oL*® 
suggested the diagnosis in their 2 cases, 
using similar cardiographic criteria. 

Seven patients, the literature on whom 
is surveyed by Kaunitz, have lived to 
adult life, Abbott’s patient surviving to 
the age of 64. In all cases, there were 
changes in the heart which followed the 
anomalous development of the coronary 
vessels. 

2. Right coronary artery arismg from the 
pulmonary artery. Kaunitz lists 3 such 
cases, in all of which the patient surAuved 
to adult life, 2 dying of unrelated causes, 
the third d 3 nng at 74 of congestive 
heart failure. In Monckeberg’s case, both 
coronary arteries Avere dilated, tlie right 
being thin walled like a A’^ein. There A\*ere 
anastomoses between the branches of the 
A'^essels. In Sclilaj^’s case, botii atsscIs Avere 
likeAA'ise dilated and there Avas abundant 
collateralization of the left arter^'. Ben- 
nett’s case Avas a man of 74 Avho died of 
congestiA'e heart failure wnth a heart 
AA'eighing 550 gra. and an old apical infarct. 
In this case, too, the right coronarA- artery 
looked much like a A'ein. 

In addition to the cases mentioned here 
(or perhaps including the first 2 of these), 
.\bbott' lists 10 patients from the litera- 


ture, all of Avhom surviA’^ed to adult life. 
Unfortunately, the cases are not cited. 

3. Both coronary arteries arising from 
the pulmonary artery. Onljf 2 cases haA^e 
been reported, in neither of Avhich did the 
infant liye beyond 10 da 3 's.-®’®^ 

4. Origin of an accessory coronary artery 
from the pulmonary artery. This is of little 
importance since the accessory arter}'^ is 
but a tAAug suppl 3 dng a limited portion of 
the myocardium. 

Coronary arter 3 ’^ aneur 3 ’^sms, presuraabl 3 '- 
congenital, have been described since 
1887.®^ They are discussed in the section 
on aneur 3 ’’sm. 

In some cases, there has apparentl 3 ' 
been a persistence and groAAi;h of the intra- 
trabecular spaces Avhich normall3'^ are re- 
duced to capillaries. Grant^^ reported, in 
a girl of 14 months, blood-filled spaces in 
the ventricular wall communicating freely 
AA'ith the cavit3’’ of the ventricle and with 
the cotonary arteries. Trevor®® reported 
an intram 3 mcardial dilatation of the right 
coronary artery. Soloff®® reported the per- 
sistence of embr 3 mnal sinusoids and re- 
AueAved the literature. 

Anomalies of the coronary A’^eins are 
sometimes seen. Roberts®® found 2 cases 
of ''idiopathic cardiac hypertroph3''” AA'hich 
had an anastomosis betAveen the coronar3'- 
sinus and the pulmonar 3 ’’ arter 3 \ 

Hypoplasia. There are occasional strik- 
ing variations in the caliber of normal 
A’^essels. In some cases, the arterial S 3 '^stem 
is uniform^" h 3 T?oplastic.®® It is probable 
that atheroma and its sequelm are more 
dangerous in such hearts. 

A recent stud 3 ' of the embr 3 mlog 3 ^ of 
the coronar 3 ' arteries should be noted by 
all interested in congenital anomalies. 
Watkins'' has studied in detail the cardiac- 
coronar 3 ' circulation of the 18 mm. human 
and found that the coronar 3 ' S3'stem at 
that stage of development is nearlA'- com- 
plete. The main A'ariations are: (1) The 
left coronar 3 ' arterA' is much better de- 
A-eloped than tlie right. (2) The oblique 
A'ein of the left atrium, the anterior cardiac 
A'ein and the smallest cardiac A'eins are 
not as A'et fullA- dcA-eloped. (.3) The 
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coronary sinus has not reached its defini- 
tive position. 

Medial Calcification With Fibroblastic 
Proliferation of the Intima. This lesion, 
described as “medial coronary sclerosis” 
by Brovm and Richter/ apparently con- 
stitutes a distinct pathologic entity. It 
has been given many names, the most 
satisfactory of -which, medial calcification 
noth fibroblastic proliferation of tlie intima 
has been proposed by Strj-ker®« -ndio also 
gives a complete bibliography and adds 
4 cases of his omi. Field^^“ has recently 
added another case. 

All the cases have been in children less 
than 27 months old, and about evenly 
dhdded bet-ween the sexes. The media of 
the larger coronary vessels is extensively 
calcified and there is fibroblastic prolifera- 
tion of the intima sometimes sufficient to 
occlude the artery. 

Stryker concludes that the cause of this 
lesion is not kno-n’n. “In some instances 
severe renal lesions are present, and in 
these cases the arterial lesions may rep- 
resent metastatic calcification secondarj' 
to an altered calcium-phosphorus ratio in 
the blood. Similar lesions are sometimes 
found in ‘renal rickets’ (renal osteo- 
dystrophy). Altered calcium-phosphorus 
ratios like-wise occur in primary para- 
thjToid hyperplasia and in primary- or 
destructive osseous disease, and thus these 
conditions also may be etioiogic factors. 
Calcification of arteries has occasionally 
been observed follo-nang an intake of ex- 
cessive amounts of -sdtamin D. Other 
possible causal factors that have been 
considered include pyogenic infection, 
stTihilis and allergy. None of these, how- 
ever, is present in all cases of medial cal- 
cification, and thus no one of them can 
lie accepted as the sole cause. The most 
attractive hypothesis is that in all cases 
an cmbryonally weak protoplasm is present 
in these infants, and on this poor ground 
substance any one of many factors may 
act as a precipitating mechanism. Such 
a weakness of the protopla.sm has been 
postulated (by H. G. "Wells in L. 
Cowdry’.s Arteriosclerosis — .A Purvey of 


the Problem) as a factor in arteriosclerosis 
of the adult type and may be equally a 
factor in the infantile type.” 

Inflamjiatobt Lesions. There is little 
doubt that the coronary arteries, espe- 
cially the myocardial branches, may he 
involved in the course of any infectious 
disease. However, little has been con- 
tributed to the literature since the descrip- 
tions of l^'ieseP” and Wiesner.’® The latter 
especially suggested the possible role of 
such lesions in the pathogenesis or accelera- 
tion of atherosclerotic changes. 

Arteritis may arise by extension from 
neighboring tissues or be mycotic in origin. 
Secondary thromboses may occur. Pri- 
mary arteritis of the coronary vessels has 
been described.*'^ 

Obliterating endarteritis has been men- 
tioned by some authors.®'-’® It is possible 
that such cases may have been the end 
result of acute inflammatory processes. 

There is fairly frequent involvement of 
the coronary arteries in subacute bacterial 
endocarditis and there is a high percentage 
of areas of m.vocardial infarction in that 
disease.®® 

Syphilis. Syphilitic narrowing of the 
coronari' arteries is not uncommon m 
syphilitic aortitis and occurs in about 
20% of such cases®® (33%®). However, 
myocardial infarction secondary to the 
stenosis is rare and occurs in only l,o%“ 
(7.7%®) of cases in which narrowing occurs. 
In a group of 320 cases of myocardial in- 
farction at the New Orleans Chari-t.v 
Hospital, only 3 were secondary to sypln’Iis. 
Among ca.scs of luetic coronary narrowing, 
the age range was 20 to 70, the average 
age was 45. Both coronaries were involved 
in 72.5% of cases. If only one artery is 
involved, it is more commonly the right. 
The "Wassermann reaction is positive in 
0G% of cases. In the vast majority of 
cases, there is an associated aortic insuf- 
ficiency. In some instances, there may 
he associatcfi aortic mnnil thrombi and 
rarely, coronary embolism.®® Becenfly,''’ 
a case tif narrowing of the coronary orifice 
by syphilis, without associated atheroinii 
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or complete occlusion but with myocardial 
infarction, has been described. 

Syphilitic aortitis is productive and 
obliterative, involving all 3 coats. The 
process usually begins ^vith an accumula- 
tion of small round cells around the vasa 
A^asorum in the adA'^entitia. The inflam- 
mation extends along smaller vessels in- 
A-olving the media and intima. The muscle 
and elastic tissue of the media is replaced 
by infiltration AA'ith lymphocjdic and small 
round cells and the intima is thickened 
by the formation of vascular inflammatory 
plaques. These edematous lesions may 
involve the entire root of the aorta (“girdle 
of Venus”). inAmlving the ostia of the 
coronaries Avhere they penetrate the Avail 
of the aorta. It is said^® that the incidence 
of involvement of the proximal portions 
of the coronary arteries is high because a 
branch of the coronary artery supplies the 
first portion of the aorta Avhere aortitis is 
most common. Syphilitic lesions of the 
coronary arteries distal to their orifices are 
not common.®® 

Syphilitic and arteriosclerotic involve- 
ment of the same coronary artery is com- 
mon. In syphilis, the lesion may be dis- 
tinguished by the longitudinal Avrinkling 
of the intima, edematous plaques around 
the ostia, thickening of all the coats of 
the A'essel, patency of the terminal artery, 
and periA'ascular round cell infiltration. 
In arteriosclerosis, there are no Longcope 
plaques or intimal AATinkling and the ves- 
sels are hard and brittle containing yelloAv 
plaques throughout the length of the 
artery. 

Syphilitic inA'oh'ement of the ostia is 
more apt to occur if the coronary A-essels 
take off abnormally high.“ The process 
seldom dips doAA-n into the sinuses of 
YalsaWa. 

Weinberg and Beissinger^ describe a 
2S year old Avhite Avoman Avith presumably 
.syphilitic gummatous aortitis associated 
Avith coronary ostial stenosis and acute 
myocardial infarction. Kobernick®®“ de- 
•scribes gumma of a coronary artery with 
occlusion and myocardial infarction. 

Clinically, the diagnosis should be sxis- 


pected in every case of sj'philis manifest- 
ing cardiac pain. The electrocardiogram 
often shoAvs changes but these are non- 
specific in character unless infarction has 
taken place. The electrocardiogram AAdll 
be affected, not by the coronary inAmh^e- 
ment as such, but by associated disease 
such as myocardial fibrosis or cardiac 
hypertrophy. 

Coronary embolism in syphilitic aortitis 
is mentioned under the section on em- 
bolism. 

Tuberculosis. Tuberculosis rarely in- 
Amh’^es the coronary arteries. It is not 
significant as a cause of coronary occlu- 
sion. It usually occurs in miliary tubercu- 
losis or in mediastinal or pericardial dis- 
ease.’® 

Brucellosis. Coronary inA'olvement is 
said by h'lan Chester'*^ to -occur in 26 % of 
his cases of brucellosis but the details are 
not gWen. 

Salmonella Sepsis. Barnett and Zim- 
merman® report a case of coronary arteritis 
in sepsis due to infection AAuth Sahnonclla 
cholcrpesnis, variety Kunzendorf. There 
Avas thromboarteritis of the left anterior 
descending coronary artery about 2 cm. 
from the aortic orifice Avith infarction of 
the inA'oh'ed myocardium. Section shoAA'ed 
no endothelial cells. The remainder of 
the intima AA’as disorganized, A'ascularized 
and^ infiltrated AA'ith small round cells and 
a fcAv polymorphonuclear cells. The media 
Avas similarly inA'oh-ed and the elastic 
tissue Avas fragmented and destroyed at 
many points. The adventitia Avas heaAnly 
infiltrated and thickened. At some points, 
the cellular exudate consisted exclusiA-ely 
of polymorphonuclear leukoc.A'tes. Arterie.s 
in other organs shoAA’ed CA-idcnces of in- 
flammation. 

Rheum.atic Fever. The literature up 
to 1934 Avas comprehensively analyzed by 
Karsner and Bayless.-' In the following 
year, there appeared the e.xcellent rcA'icAv 
by Gross. Ivugel and Epstein^’ Avhich also 
contains a full bibliography. Since then, 
there huAc been fcAv systematic accounts 
of the effects of rheumatic fcA-er on the 
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coronary arteries and few reports except 
for isolated case histories. 

The earliest accounts were those by 
Bouillaud, Ejrehl and Romberg. Since. 
1900 and up to 1934, notable contributions 
were made by Rabe, Aschoff, Barie, 
Aschoff and Tawara, Geipel, Coombs, 
Gerhardt, Takayusu, Doublas, Thalheimer 
and Rothschild, Fahr, Watjen, Wiesel, 
Swift, AlacCallum, Pappenheimer and 
Von Glahn, Shaw, Talalajew, Perry and 
Klinger, Slater. References to their papers 
may be found in Gross, Kugel and Ep- 
stein’s bibliography. 

Gross, Kugel and Epstein discuss the 
lesions in the myocardial arteries (those 
branches within the myocardium) and 
those in the main coronary trunks. They 
make a further subdivision of the lesions 
into those non-specific changes which 
seem to be an accentuation of changes 
normally occurring in the coronary arter- 
ies and those which are so peculiar that 
their presence seems to be fairly specific 
for rheumatic fever. 

Lesions of ihe Myocardial Branches in 
Rheumatic Fever. Evolutionary changes 
also found in normal control cases include 
intimal elastification, medial elastifica- 
tion, fibro-elastification and adventitial 
fibrosis. All are conditions sometimes seen 
in normal hearts but occurring earlier and 
more severely in rheumatic fever. These 
lesions are found most often in the left 
posterior papillary muscle, less often in 
the interventricular septum, rarely else- 
where. 

Lesions occurring either uncommonly 
or never in normal control cases are 
describefl as medial glossy hypertrophy, 
medial hypertrophy, intimal fibrosis, giant 
medial hypertrophy with metaliaxis, medi- 
al edema, c.xudative and necrotizing arter- 
itis, subendothclial hemorrhagic arteritis, 
nct-like fibrinous thromboses of the small 
myocardial arterie.s, endarteritis verruca, 
granular plugged vessels, thromijoscs, 
endarteritis polyposa, A.schoff I)odics and 
intimal nuisculo-elastic hyperplasia. 

Lfsinn.t in the ^fa{n Coronary Arteries 
in RhnimnUc Frrrr. These may oeenr in 


any of the main arteries but are somewhat 
less frequent on the right side. In general, 
as in the case of the myocardial arteries, 
the normal rate of vascular retrogression 
is greatly increased and the changes are 
similar. 

However, the most distinctive lesions 
of the main coronary arteries, found only 
in the active cases, are the e.xudative, 
necrotizing and other peculiar types of 
arteritis similar to those occurring in the 
myocardial arteries. Quoting from Gross, 
Kugel and Epstein;-’ “These lesions oc- 
curred in 10 of the 66 cases (15 percent). 
The exudative lesions consist of inflam- 
mator 3 ' involvement of varjdng grades of 
intensitj', generally affecting the media. 
In some forms there may be seen marked 
edema of the media with swelling of the 
smooth muscle fibers, rounding of the 
nuclei with prominence of the chromatin, 
and the presence of inHammatory cells. 
In other forms of exudative arteritis the 
predominating cell tjqie is the pol^miorpbo- 
nuclear leukocjde, sometimes the Ij'mpho- 
cjde. These cells occur either diffusely', 
sometimes more abundantly seen toward 
the intimal aspect of the vessel, or arc 
localized in one arc of the circumference 
of the vessel. Ameboid streamers of poly- 
morphonuclear leukocjdes and monocj'tes 
are almost invariably seen. The latter 
sometimes contain fairlj' large nuclei 'vrith 
rather abundant basophilic cj'toplasm. 
Eosinophils and mast cells are seen Ics.s 
frequently and irregular basophilic cells, 
somewhat resembling those found in 
Aschoff bodies, are rare. 

“Together with the inflammatory’ cell 
accumulations, there was sometimes found 
a fibrinoid swelling of the collagen. Rup- 
ture and dissolution of the elastic mem- 
branes occurred only in the very actne 
cases, particularly in those associated with 
poly.artcritis nodosa. Pictures simulating 
rupture of the elastic membranes were 
occasionally found. Their significance ha'^ 
alrearly been discussed under the findings 
of the main coronary arteries in the inac- 
tive cases. 

“Both in the active and inacti\'e easc.s. 
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inflammatory cells, generally lymphocytes, 
were not infrequently met with in the 
adventitial and periadventitial layers. In 
the active cases this was a moi’e frequent 
occurrence, where also polymorphonuclear 
leukocytes, monocytes and, at times, 
Aschoff bodies were also present. It is of 
interest that these adventitial and peri- 
adventitial infiltrations occur even in the 
absence of macroscopic pericarditis. How- 
ever, even in the inactive cases, micro- 
scopic pericarditis, i. e., diffuse, rather 
mild lymphocytic infiltrations of the vis- 
ceral pericardium, occurs with great fre- 
quency. 

“ While all three main coronary trunks, 
viz., the right circumflex, left circumflex 
and left anterior descending, were seen 
involved in some of these cases, it appears 
that of the three the lesions were found 
with about the same frequency in the left 
circumflex and left anterior descending 
trunks, and least often in the right cir- 
cumflex coronary artery. Apart from the 
above mentioned forms of exudate and 
necrotizing arteries (seen in six cases), 
proliferation of the intimal endothelial 
and subendothelial cells with formation 
of palisades was found in the left circum- 
flex coronary artery in one case (age six 
years), occluding thrombosis of the left cir- 
cumflex coronary artery with myocardial 
infarction in two cases (age 17| months 
and 71 years), verrucous endarteritis in- 
volving the left anterior descending branch 
in one case (age nine years), and a granular 
plugged lesion almost completely obliter- 
ating the left circumflex coronary artery 
in one case (age 25 years). Of great im- 
portance is the fact that, with the excep- 
tion of the last mentioned lesion, all the 
inflammatory phenomena found in the 
main coronary vessels in active rheumatic 
fever occurred during the first 15 years of 
life. This aflbrds additional evidence of 
the extraordinarily dramatic course taken 
by this disease in the young, a point of 
perhaps some immunological significance.” 

Inactive Rhannaiic Fever. In chronic 
cases of rlieimiatic heart disease, arteritis 
is not found. Instead, normal retrogres- 


sive changes seem to appear earlier in life 
and to a more advanced degree. There is 
a tendency toward an earlier development 
of heavy intimal elastic-hyperplastic and 
fibrotic layers, and for the appearance of 
heavier elastification and scarring of the 
media. These changes may predispose 
to the earlier appearance of atherosclerosis 
in the main coronary vessels. In any case, 
the vessels become more rigid and are 
probably less subject to vasomotor con- 
trol. 

It is rather difficult to evaluate the 
clinical importance of rheumatic coronary 
artery disease. According to Lowe and 
Wartmen,®® the changes are rarely clini- 
cally significant compared to those of the 
myocardium. Stryker®® did not find rheu- 
matic inv'olvement in his study of coronary 
disease in childhood, but admits that he 
did not study the arteries carefully in such 
cases. Gross, Kugel and Epstein attach 
much importance to such lesions, finding 
the damage often impressive in acute cases 
and they wonder whether the “vascular 
or primary myocardial injury is the more 
significant to the life of the patient.” 
Karsner and Bayless-' thought that “the 
relation to myocardial disease cannot be 
positivel}' established but the late myo- 
cardial fibrosis is greater than is to be 
expected from the early acute myocarditis 
alone.” 

Nevei’theless, clinically significant oc- 
clusion of a main coronary artery occurs 
but rarely in acute rheumatic fever. In 
only one of Gross, Kugel and Epstein’s 
cases was there coronary occlusion with 
extensive infarction. In a 17 month old 
infant there was thrombosis of the left 
circumflex artery including the main trunk. 
In Rae’s case,®^ a child of less than .3 who 
died suddenly, there were, in addition to 
acute rheumatic myocarditis and peri- 
carditis, large aneurysmal dilatations in 
both coronary arteries and thrombosis 
had occurred in the aneurysm of the right 
coronary artery. 

The relationship between childhood 
rheumatic fever and later occurring ather- 
omatous heart disease is of the greatest 
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importance. The changes in Gross, Kngel 
and Epstein’s cases of inactive rheumatic 
heart disease ■were rarely specific and 
there "were few evidences of arteritis. 
Nevertheless, as previously pointed out, 
there was considerable acceleration of the 
“normal” retrogressive changes so that 
it is possible that such arteries might be 
subject to occlusive coronary disease at 
a much earlier age. That this may actually 
be the ease has been suggested by several 
authors l)ut there is, as yet, little statistical 
evidence for this hypothesis. It has been 
suggested, too, that coronary artery le- 
sions, in the main trunks and in their 
branches, may account for some of the 
symptoms of angina pectoris in chronic 
rheumatic valvular disease. 

Griffith and Huntington-- report 3 cases 
of abrupt death in rheumatic fever. In 
eacli case there were distinctive lesions 
at the base of the aorta. In 2 of the 3 
there was histologic evidence of -widespread 
vascular disease. The coronary arteries 
in all the cases show extreme fibrosis, 
cellular accumulation and “collagenous'’ 
masses in the walls of the arteries. They 
conclude that "the cause of abrupt death 
in each was an acute anaphylactic coronary 
angiitis superimposed upon a low-grade 
rheumatic carditis.” 

Weinstein"’' reported 10 cases of “atyp- 
ical” coronary disease which he thinks 
may lun-c been "rheumatic” but there 
were no histologic studies because his 
patients recoverefl. 

PohiarU'riti.s Xodosa. The coronary ves- 
sels are frecjucntly (70%“) involved in 
I)olyarteritis nodosa. Next to the renal 
arteries, the coronaries arc the vessels 
most often clamuged by tins disease. Even 
Kussmaul and Maicr’.s’- original de.scrii)- 
tion (ISfifi) <lcscribed .such a ca.ce. In 
17 of a serie.s «)f 23 eases.^'* the coronary 
arterie.-^ were involved. 

.Vu excellent review of the history of 
this eomplication, up to 1930, and of its 
clinical features i.s that of 3\err.” Since 
that time, there have been .scattered e;ise 
rejwrts, none of importance. ^Untz ami 


Katz-" report a case with myocardial in- 
farction. Str.vker®*' reported 2 cases. 

Polyarteritis nodosa usually attacks the 
smaller vessels in scattered areas. The 
resulting infarcts are small and dissemi- 
nated. Thrombosis in the affected vessel 
is common. 

The differentiation of this lesion from 
that of acute rheumatic arteritis may be 
exceedingly difficult and the relationship, 
if any, between these diseases is still in- 
completely worked out.^ The difficulty 
may be striking if, as in Stryker’s case o,*® 
there are no lesions in arteries elsewhere. 
In such cases, the presence or absence of 
other exfidences of rheumatic fever in the 
myocardium or valves may be decisive. 
In 4 of Gross, Kugel and Epstein’s'” cases, 
the diagnosis of both diseases simultan- 
eously seemed to the authors to be justi- 
fied. 

The diagnosis of healed polyarteritis 
nodosa is beset with many pitfalls since 
the diagnostic criteria are so poorly de- 
fined. Nex’ertheless, Stryker seems con- 
vincing in his argument for placing Ins 
case 6^ in this category. 

Thkoxiboangiitis Obuteiuns. Pl'c 
first reported example of inx’olvement of 
the coronary arteries in thromboangiitis 
obliterans was that of Perla.“ Barron and 
LilienthaP reported another. .Samuels and 
Feinlicrgr’" noted 5 cases of inx'olvement 
of the coronary arteries in their scries of .aO 
cases. Fathcrrce and Hines"’ reported from 
the literature 40 cases in xvhich aiitopsi 
records were available; in 10, the cause of 
death was coronary occlusion. Allen and 
Willius- found only 7 in 22.5 unsclcctcd 
cases and concluded that the incidence wa.- 
no greater than in a control grouji. Grecii- 
lield-' reported a case of thromboangiiti' 
obliterans in xvhich recovery took place 
after coronary occhi.sion. .Since the man 
recovered, it was irnpossililc to .state the 
cause of the oeclu.sion. Mintz and Katz 
report 1 case with m.vocardial infarctinu. 

A characteristic (althotigh not univer.'ab 
tc.-iture i.s the presence of giant cell' and 
infiltration with sm.'di roiiiifl cells, lb*' 
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lesion somewhat resembles a miliary 
tubercle.®^ 

CoEONARY Aneurysm. Coronary artery 
aneurysm is rare except for the aneurysmal 
dilatations seen in polyarteritis nodosa. 
The literature, up to 1936, has been re- 
viewed by Kerr,^® from whom the follow- 
ing classification is taken in modified 
form. Chipps in 1942® listed 45 cases in 
the literature and added 1 of his ovm.' Of 
the 46, 36 were classifiable, he thought, 
as to cause: 15 arteriosclerotic, 4 luetic, 
5 congenital, 1 rheumatic, 10 mycotic, 
1 pure mycotic. 

1. Congenital Aneurysm, (a) Dilata- 
tion at points of branching of coronary 
arteries. These are analogous to "berry” 
aneurysms of the brain. 

(b) Aneurysm of the sinuses of Valsalva, 
with congenital defects of aortic valves. 
These aneurysms are often associated with 
bicuspid aortic leaflets or with the de- 
velopment of weakness of the supporting 
structure of the aortic valves, especially 
of the right ventral cusp and the forward 
portion of the dorsal cusp. 

(c) Dilatation of branches of the coro- 
nary arteries. Seven such cases have been 
reported in cattle and 5 in man.®'* The 
congenital origin of some of these is 
doubtful. In Harris’s case, the right 
coronary was 2 cm. in circumference for 
a distance of 13 cm. The absence of any 
other etiologic factor, such as arterio- 
sclerosis or inflammation, and the fact 
that the artery communicated with the 
right ventricular cavity make it likely 
that the lesion was congenital. The 
patient was a male of 43 who died of brain 
tumor. Harris attributed the dilation to 
deficiency of the elastic tissue in the 
alTected area. 

2. jMycotic Aneurysm. Embolic in 
origin, this is seen most often in bacterial 
endocarditis. 

3. Syphilitic Aneurysm. Aneurysms due 
to syphilis are exceedingly nrre. Packard 
and lYechslcr reported 3 cases."*' 

4. Arteriosclerotic Aneurysm. This is 
the most common coronary aneurysm in 
people past middle age. Mitchell found 
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16 authentic cases in the literature and 
added 1 of his o"wn.*® The ages ranged 
from 32 to 77. The sex incidence was 
remarkable: only 1 of the 17 cases was 
in a female. In 13 cases the left coronary 
artery was involved; in 4, the right, the 
lesion was multiple in 3 cases but Mitch- 
ell’s own case was the only one invol"ving 
both the right and left coronary arteries. 

In all cases, the coronary artery was 
the site of extensive atheromatosis and 
the aneurysmal sac was often filled with 
thrombotic material which probably 
helped prevent rupture. While the cause 
of death was cardiac in 14 cases, it Avas 
most often the result of cardiac failure or 
coronarj’^ occlusion. In only 5 cases was 
the aneurysm dnectly responsible for 
death. In 3 there was rupture into the 
pericardial sac causing cardiac tamponade. 
In 1 there was rupture into the myo- 
cardium of the right ventricle, and in 1 
into the wall of the pulmonary artery. 

Mitchell did not find medial muscular 
defects at the bifurcations such as Forbus’® 
had found in cerebral arteries (and, in 
2 instances, in the coronary arteries). He 
found little reason to doubt that in his 
case there had been total destruction of 
the media by a slowly enlarging atheroma. 

5. Dissecting Aneurysm. The coronary 
vessels may be involved either by dis- 
section, resulting from rupture of the 
intima of an arteriosclerotic or aneurysmal 
coronary artery’-, or bj’" an extension of 
dissecting aneurysms of the aorta. Wain- 
wright"* reported a case of dissecting 
aneurysm of the aorta in which the dis- 
section was continued into the wall of a 
coronary artery, resulting in coronary 
occlusion and myocardial infarction. In 
several recent cases®®-"*®'"** at the Massa- 
chusetts General Hospital, an aortic dis- 
secting aneurysm dissected back to the 
annulus of the aortic valves and involved 
the coronary orifices. 

Coronary Embolism. Coronary em- 
bolism is exceedingly rare compared -with 
thrombosis. The literature to 1932 is 
reviewed by Saphir.®® Porter and 
I aughan®® list 30 cases reported up to 



100 


PROGRESS OF MEDICAL SCIENX'E 


1940 and add 3 of their own, in Negroes 
with luetic aortitis and mural aortic 
thrombi. Parks^* reported an instance 
complicating subacute bacterial endo- 
carditis and added several recent cases 
from the literature. 

The embolus may consist of bacterial 
vegetations from the heart valves, frag- 
ments of vascular thrombi, tumor tissue, 
fat, air or foreign substances. It is some- 
times difficult to be sure that the occlud- 
ing material has not been formed in situ 
and, therefore, in order to be certain of 
its embolic nature, a demonstrable source 
and the integrity of the underlying artery 
should be sought. In some cases, an 
electrocardiogram, typical of recent coro- 
nary occlusion, may be obtained. 

1. Vegetations from the heart valve, 
especially in subacute bacterial endo- 
carditis, may embolize to a coronary 
artery. Usually the involved leaflet is 
an aortic. In 1 case,^® the free end of a 
thrombotic vegetation, still attached at 
its base to its origin on an aortic valve, 
plugged a coronary artery with resulting 
death of the patient. A somewhat similar 
case, reported by Oestreich, is quoted in 
the same article, hlycotic aneurysms of 
the coronary arteries have also been 
reported.^ Alicroscopic emboli are appar- 
ently common''’ and multiple gross emboli 
have been reported.'" 

2. Displaced fragments of thrombi may 
arise in peripheral veins and be carried 
to the coronary artery by paradoxical 
embolization, etc. They may arise from 
atheromatous ulcers of the aorta.®' Thcj' 
may be formed by a fragment of a throm- 
bus more proximal in the coronary arterial 
tree. In Saphir’s second case''*’ there was 
a thrombus in the proximal portion of 
the circumflex branch of the right coronary 
artery; a fragment had broken loose and 
had lodged in the region where the pos- 
terior descending branch comes off the 
right circumflex branch. Stryker’s patient'^ 
was an infant in whom the source was not 
demonstrated; according to Stryker, it 
may have come from an umbilical vein 
thrombus. 


3. Tumor tissue may be carried to the 
coronary artery as in the paradoxical 
embolism described by Thompson and 
Evans.®" 


4. Fat embolism has been described.®' 
VTiile probablj^ not as important as em- 
bolism elsewhere, it should not be over- 
looked as a possible cause of death after 
trauma. It produces “streak-like” hemor- 
rhages in the myocardium.®® i\Ecroscopi- 
cally, fat droplets can be demonstrated 
in the small vessels. 

5. Air embolism has been produced 
experimentally by Rukstinat and Le- 
coimt.®® 

6. Foreign material accidentally in- 
jected into a vein has been known to plug 
a coronary artery. Zinc pero.xide was 
found in the coronary arteries in the case 
cited by Von Glahn.’® 

Four Ceases of paradoxical embolism 
have been reported.^'®'’"' In 1 case there 
wms no depletion of the pulmonary circula- 
tion or evident change in right and left 
heart pressure relationships, as had been 
considered necessary by others.®® 

It is still not clear why coronary em- 
bolism is so rare. 'i’’arious theories have 
been proposed.®® Marie believed that the 
great difference between the caliber of 
the aorta and that of the coronary arteries 
might be responsible. Pavell and Benson 
are quoted by Saphir as believing that 
the right angled departure of the coronary 
arteries made it difficult for emboli to 
lodge there. According to Saphir, the 
various eddies at the mouths of the coro- 
nary arteries as produced by systole and 
diastole, and also the peculiar flow into 
the coronary vessels during sy.stolc am 
diastole might explain the rare in vehe- 
ment by emboli of the tnouth.s of the 
coronary arteries and of the vessels tlicrri- 
sclvcs.” The bulk and swiftness of the 


blood current in the aorta and the fact 
that most coronary filling is in diastole 
may be factors. 

Chipps® says that since DcNavasciucz 
has “shown that minute emboli frcqiicntl.' 
enter the coronary arteries, it is cic.ar that 
the size of emboli large enoiigi) to r>eelm,' 
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the main coronary branches must be the 
factor determining the rarity of gross 
coronary embolism. Emboli of sufficient 
size are probably not nearly as numerous 
in bacterial endocarditis as are minute 
emboli. If a great many emboli of micro- 
scopic proportions are released into the 
blood stream and thoroughly mixed, then 
it is ob\'ious that the number of ' these 
emboli entering the coronary arteries will 
be in proportion to the coronary blood 
flow. On the other hand, larger emboli 
of exactly the correct size to occlude one 
of the coronary arteries or its main 
branches will much less frequently be 
released from the endocardial vegetations. 

“ When an embolus of exactly the right 
size is released, it will, by reason of its 
size, have greater difficulty in entering 
the coronary arteries, for its dimensions 
must be nearly as great as the diameter 
of the coronary orifices. The difficulty 
of its entrance into the coronary orifices 
may be illustrated by analogy with a 
device used by small boys in gambling 
with marbles. This device consists of a 
cigar box with a round hole cut in its 
lid, large enough to admit a marble freely, 
providing that the marble is dropped 
straight through the hole. However, 
unless the aim is accurate, the marble 
strikes the edge of the hole, bounces 
away and does not enter the box. In the 
same way, an embolus only a little smaller 
than the coronary orifices does not enter 
unless it is cari’ied directly into the orifice 


without being deflected by impact vdth 
its margins.” 

Thrombosis. There seems to be little 
doubt that, as originally proposed by 
Rokitansky, thrombosis will effect changes 
in the wall of the surrounding ^^essel. In- 
terest in these changes has recently been 
revived by the w^ork of Duguid,^^ wffio even 
ascribes to thrombosis a rdle in the patho- 
genesis of coronary atherosclerosis. This 
will probablj’' be a fruitful field for future 
investigation. It seems to me entirely 
possible that certain systemic diseases, 
such as sickle cell anemia and poly- 
cythemia vera, which cause thrombosis 
and sludging in small arteries, may cause 
changes in the w'alls of the arteries after 
a period of time. It should be noted at 
this point that MerkeP^“ has reported 
plugging of a coronarj’^ artery by Plas- 
modium falciparum with ensuing myo- 
cardial infarction. 

Neoplasm. Neoplasm involving the 
heart may press on the coronary artery 
or may invade it, in either case causing 
occlusion. Appelbaum and Nicolson^ re- 
ported a case in whicli the right coronary 
artery was completely occluded. In Fish- 
berg’s case^^ the left circumfle.x arterj’’ w'as 
partially occluded by pressure from sur- 
rounding tumor tissue. The patient had 
had cardiac pain. Peppard and Larson^® 
reported a case in which both coronarj’- 
arteries were narrowed by surrounding 
sheaths of neoplasm, metastatic from 
cancer of the breast. 
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The term “Iatrogenic” (Gr. wiros, 
doctor, and gen, producing) disease has 
been aptly described by Dorland’s diction- 
ary^ as a “ disorder induced in the patient 
by the physician, based on the physician’s 
examination, manner or discussion. ” Rel- 
atively few articles on this subject have 
appeared in the literature. In his instruc- 
tion to students and staff doctors, Dr. 
Franklin G. Ebaugh® has always em- 
phasized the r 61 e of the iatrogenic factor 
in the causation, continuation and calcifi- 
cation of psychoneurotic states and symp- 
toms. During World War I, the accepted 
use of the serious sounding term “shell 
shock” for all types of psychiatric con- 
ditions appearing in or near the combat 
area resulted in many patients clinging to 
their symptoms for years or permanently. 
In World War II the term “exhaustion” 
was used at the army level for this same 
class of combat psychiatric casualties. 
Hence, when these patients read their 
diagnoses on their emergence' medical tags 
(which Avere tied through a button iiole 
of the shirt or combat jacket) the relatively 
benign term “exhaustion” suggested a 
condition of transient character. The 
groundwork Avas thereby laid for the 
prompt return to duty of all but the more 
seA'ere anxiety reactions and the fcAv 
psychotics. Those patients Avho were 
evacuated to the rear from diA'ision clear- 
ing stations to the army psychiatric treat- 
ment center found themselves in an en- 
vironment Avhere no organically sick or 


Avounded patients Avere treated. Thus, 
there AA'ere feAA'er unconscious “additions” 
of symptoms from other patients than 
there would ha\^e been othenvise. The 
complete absence of nurses in these treat- 
ment centers further diminished the feel- 
ing among the patients that they were 
seriously sick. In at least one of these 
psychiatric treatment centers, at the army 
IcA'-el, a “team” consisting of an internist, 
a gastro-enterologist and a psychiatrist was 
established to diagnose and treat certain 
patients Avith obscure symptoms referable 
to the gastro-intestinal tract. Concur- 
rently Avith the usual organic investigation 
a detailed study of the psychologic struc- 
ture and life situations of the patients Avas 
made. DefinitRe diagnostic and treat- 
ment procedures A\-ere thereby rapidly 
established at that one location and many 
patients Avere saved from the endless 
series of Roentgen ray examinations and 
laboratory studies that might haA'e fol- 
loAA-ed their e\'acuation through the usual 
medical channels. Repeated e.xaininations 
for organic disease suggest to the patient 
that he must have some rare organic 
condition Avhich is puzzling cA'en to medical 
men. This is a prime cause of chronic 
invalidism. 

It is realized that the problems met 
with in military psychiatry and the 
methods available to combat them are not 
entirely identical nlth those seen in the 
practice of ciAdlian psychiatry. HoAvcA-er. 
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many of the fundamental principles are 
the same. 

Anxiet 3 " has been called the nucleus or 
core of all psychoneuroses. ^^Tien the 
psychologic and physiologic aspects of 
anxiety are experienced bj' the patient, 
and onty the ph^'siologic aspects are 
observed by the physician, such a psj'cho- 
neurosis is termed an anxiety state. It 
manifests itself bj*^ such subjective symp- 
toms as awareness of danger or fear, often 
apparentlj’- unmotivated and occurring 
during the day or night, and is experienced 
as diffuse discomfort which is characteris- 
ticalh' accompanied bj" tachycardia, trem- 
ors, globus, dj'spnea, faintness, vertigo, 
perspiration, nausea or vomiting, and 
urgencv of urination or defecation.® Manj’ 
factors may serv'e as precipitating or 
trigger stimuli to make this type of psy- 
choneurosis apparent to both patient and 
physician. These factors maj’ be over- 
whelming and catastrophic experiences 
or thej’’ ma.v be relativelj’ tririal in suscep- 
tible indiriduals. Thej' maj' be purely* 
phj'sical, such as poor nutrition, fatigue, 
exhaustion, or accident, or the\' may be 
largely emotional factors, such as sexual 
difficulties or frustrations, guilt feelings, 
frustrated ambitions, discouragement or 
fright. At an\' rate, anxiety states are 
frequcntl.v erroneously diagnosed and 
treated b\' the general medical profession 
for th.vrotoxieoscs, “heart attacks,” gall 
bladder disturbances, h\-perinsulinism, 
etc.® The .sj-mptoms are precipitated, 
exaggerated and prolonged bj* doctors’ 
comments and actions which suggest 
organic disease. These cases arc always 
made worse and sometimes incurable bj* 
surgical procedures. 

A large percentage of ps.vchoncuroses 
fall into the categorj’ of “somatization 
reactions.”' In this t.vpe of neurotic 
response the anxiety, inherent in all psj'- 
choneiiroses. i.s iran.'ilatcd into functional 
disorders of sju-eifie organs of the Irody, 
theridn- freeing the patient to a large 
degree from the disagrecahle s\thjcctive 
sensations i>f .anxiety. The xa'sceral re- 
si>on=cs inrhidc distnrhanecs in the gastro- 


intestinal tract, cardiovascular apparatus, 
sldn, genitO'urinary tract, sexual function- 
ing, endocrine system, as well as allergies 
of various kinds. Bowel conscious patients 
often demand rigid diets, drugs and opera- 
tions of all sorts.® Ail of these medical 
and surgical procedures tend to fixate 
hypochondriacal ideas. The great multi- 
tude of victims of potysurgery in this 
countyv is disgraceful testimony to the 
inadequacj’ of our ax'erage medical cur- 
riculum, which overemphasizes organic 
pathologic changes and ignores emotional 
factors as causative of gastro-intestinal 
sj'mptoms. "Uffiere symptoms referable 
to the heart are concerned, the situation 
is even worse. Manj' patients have been 
told bj' their physicians, for example, that 
they had a "murmur,” a “leaking 
valve,” or “a leaking heart” ■with no 
investigation bej’ond auscultation of the 
heart. Doubt as to the integrity of the 
heart is a verx’ frequent cause of chronic 
incapacity and a type of disability that is 
extremely difficult to alleviate.* Genito- 
urinarj' complaints in both male and 
female neurotics are often treated surgi- 
cally, medically or in combination. The 
prostate gland is too often treated for 
impotence, venereal phobias and other 
psychosexual problems. Hj’sterectomic.'' 
are too often performed for such ps^’cho- 
genic conditions as fear of pregnancy, 
frigiditx' and guilt over various psycho- 
sexual conflicts. Psy’chotherapy is made 
much more difficult after the production 
of an artificial menopause or sterility.* 
Tlic following are some of the cases 
seen in this clinic that demonstrate how 
plu'sicians themselves have unwittingty 
initiated or contributed greatl.v to in- 
capacitating illness: 


Eeport o! Cases. Cask I . M. D- G., a ^2 
c.ar old white woman was ho.spifaiizcd at trie 
'olorntlo P.wchopathic Hospital from .Tuly 
4 to Xoveml>f’r 0. 1043 l)cc.ause of paranoid 
‘hiroj)!ircnia. .'•he c.'.'!® gii’cn a complete 
mrsc of insulin coma treatments and ns* 
i'-eharced remarkably improved. I 
f-r fh'seiiarge from the hospital her hu-haad 
amediatelv ohf.ained a divorce and left h^r 
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with two small children to support. As she 
had difficult}'’ in maintaining an adequate 
economic status, she placed her two small 
children in a Denver orphan’s home and went 
to Cahfornia in June, 1944. While in 
California she experienced her first acute anx- 
iety attack which she described as being 
“just like when I had been severely fright- 
ened, although when I had the spells there 
was nothing to be frightened about.” These 
attacks occurred on the average of 2 or 3 
times per week and lasted as long as several 
hours. She obtained maximum relief by bed 
rest. Her anxiety attacks were manifested 
by palpitation, tremor and near syncope. 
She consulted a local physician about these 
attacks and was told, “You may have had 
such a severe heart attack that jmu barely 
escaped death.” He started her on digitalis 
and kept her “digitalized” for several 
months until she ran out of funds to pay the 
bill. Since the anxiety attacks continued, 
she consulted another physician who stated, 
“You have angina pectoris.” This second 
physician advised immediate hospitalization. 
At this point the patient became somewhat 
dubious and consulted the Stanford Medical 
Clinic in San Francisco. She was told that 
her difficulty was functional and was advised 
to continue with psychiatric guidance in 
Colorado. She has been followed on an 
outpatient .status since December, 1946. 
Although at times she gives lip service to the 
fact that her cardiac symptoms might be on 
a functional basis, she still entertains the 
possibility of having organic, heart disease 
because she had been told so by two pre^dous 
physicians. 

Her anxiety appears to be associated with 
unrecognized guilt feelings centering around 
the economic necessity for rejecting her two 
small children by placing them in an orphan’s 
hoine. Since her return to Colorado, with 
frequent visits to the orphanage, her anxiety 
attacks have diminished in severity, fre- 
quency, intensity and duration. 

C.^SE 2. M. D., a 38 year old white 
divorcee entered Colorado General Hosjntal 
'vith the diagnosis of “to.xic thj-roid.” On 
admission she complained of hot flashes 
since the age of 15, exhaustion for 6-7 years, 
“nervousness" with tremor for 4 years, 
insomnia, and palpitation on exercise. An 
enlarged thjToid was readily palpable. There 
was a slight tremor of the upper e.\-tremities 
with no hyperhidrosis. Her B.M.H . was plus 


5. Blood chemistry was normal. Her pulse 
was continuously between 70 and 80 per 
minute. There was no temperature eleva- 
tion. Her blood pressure was 130/90. She 
entered the hospital for surgery on the 
advice of a local physician who had told her, 
“You have a toxic thyroid and an operation 
will solve all your problems.” 

It was thought by the surgical and psychi- 
atric staff that this patient had abenign aden- 
oma of the thyroid which was not toxic. Psj’’- 
chiatric study revealed that she was married 
at the age of 32 to a man 11 years her senior 
who had been married 4 times pre-viously. 
She stated that “he was an alcoholic, a 
psjmhopath and a genius and too much for 
me.” She said that her marriage had been a 
failure from the start, and that her husband 
was “sadistic and dependent.” She recog- 
nized that she had many emotional problems 
and declared, “Mj'^ nervousness is what is 
wrong with me. If an operation is what I 
need to get me over it, that is what I want. 
If an operation won’t do it, I want whatever 
will make me well.” It was explained to her 
thorough^ by the surgical and psj’’chiatric 
staff that they would be glad to have her 
thyroid tumor removed, but that it certainly 
would not solve her emotional problems and 
anxiety symptoms. She accordingly under- 
Avent surgerj’’ for the removal of the benign 
adenoma. Pathologic examination of the 
thjuoid tissue remoA^ed failed to reA^eal an}' 
toxic changes. She obtained some slight 
relief in the sense that removal of the tumor 
ended 15 years of mild concern about it. 
HoAA'eA’^er, her emotional problems and 
resulting an.xiety S3'mptoms remained practi- 
cally unchanged. Upon her release from the 
hospital she stated that she intended to trj’^ 
Christian Science for scA-eral months, and, 
if this failed to bring her the desired relief, 
that she would return to the hospital to 
consult a psjThiatrist. 

Case 3. A 23 year old AA’hite single girl 
entered Colorado General Hospital on jMarch 
7, 1945, complaining of scA'ere fatigability 
and a daily low grade fcA’er of tAA'o years 
duration. She had been bedridden most of 
that time. The patient first noticed excessiA'e 
fatigue and “neiwousness” during her high 
school year.':. These feelings continued 
during tAA’o years at DeuA-er UniA'ersity and 
into the years 1941, 1942, and the spring of 
1943. She first consulted a pliA'sician in the 
spring of 1942 for “nerA'ousness, tiredness 
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and a pounding in my head." Her doctor 
told her that she had high blood pressure 
and a heart murmur, and said that her 
diagnosis u-as rheumatic fever. During the 
next year she consulted several other doctors 
who diagnosed her as ha^’ing rheumatic 
heart disease, tuberculosis, and brucellosis. 
Finall}' she felt so sick and tired that she went 
•to bed and remained there as a chronic 
invalid for 2 3'ears. During the last few 
months prior to hospitalization she had been 
taking Digifortis. 

Her family history revealed that her 
mother had been a chronic invalid for j^ears 
and had been bedridden with tuberculosis 
for 7 years during the patient’s childhood. 
The patient’s onl.y sister, 2 j^ears older, was 
also seen in the clinic and proved to be a ver^' 
maladjusted indmdual. Physical examina- 
tion of the patient showed a blood pressure 
of 140/95, temperature of 100.2° F., pulse of 
lOS, and respiration 24. She exhibited 
marked vasomotor instabilit}', dilated pupils, 
and sweaty palms. There was a functional 
sj'stolic murmur. Blood and urine were 
normal. Electrocardiogram, chest film, 
blood cultures and agglutination tests were 
entirety negative for organic disease. The 
P.vschiatric Liaison Department was asked 
to sec her because of the possibility of her 
having a psj'cboneurosis. 

After a psj'chiatric interview of about 20 
minutes she left the hospital with marked 
.subjective improvement and remained out 
of bed during that week end. She then re- 
turned to the hospital alone and ambulator?', 
and was interviewed on two occasions that 
week. At the end of the week she was 
almo.^t completelj' free of her disabling 
sj'mptoms. Her temperature, taken 4 times 
dail.v for a week, wa.s norm.ai for 4 days, 
with scattered elevations up to 90.4° F. for 
3 days. A follow-up on this patient revealed 
that .•:he h.as boon clinicalty well since shortty 
after le.aving the ho.<pital and ha« not been 
l>edndden .since then. 

This case illustrates the v.alue of prompt 
ji-ychiatric eon-ultation where s\’rni)foms 
of the sort seen here jire.-ent thcmselvc.s. 
This health?’, fairly well-balanced girl 
I'.'i'tcd two yrar.' of he.- life in b/s] .and .spent 
a large p.art of the fanrilv incnir- cnn-nltinc 
a of jiliysieian'-' who c-j.-c .attention only 
to the orcani'- traditioii in medicine, 

Tiie iii-torj’ V. p.s -inui'.v that of a '■iieltered, 
protect.'d and prim;'»ri-<l vi.-l who rv.a= 


reared in a rigid rehgious enviromnent. She 
had an invalid mother and an odd, frustrated 
and complaining older sister. I^Tien she 
began to step out and enjoy herself, her 
sister became more complaining, unpleasant 
and recriminative. Finalty, she developed 
exaggerated feelings of guilt over minor 
intimacies with a soldier, the first real 
“ stead}' boy friend ’’ sbe had ever had. The 
soldier suddenly stopped seeing her, moved 
out of town and dropped completely out of 
her life. It was at this very time that her 
symptoms became severe enough to force 
her to give up her work and go to bed. 
Until her conversation with the psychiatrist 
she suspected no connection between her 
frustrated love affair and the development 
of bodity symptoms and signs. 

Case 4. T. M., a 19 year old white single 
male, was admitted to Colorado Ps3'cho- 
pathic Hospital on September 0, 1946, be- 
cause of feelings of tension, “nervousness," 
tremiilousness and suicidal preoccupations. 
On admission he was resistive and hostile. 
It was revealed that prior to his hospitnliza- 
tion he had indulged in the compulsive pur- 
chasing of several hundred pairs of men’s 
hosiery. He was an immature over-dopen- 
dent individual with rigid pcrfcctionistic 
traits. He was evaluated by the entire staff 
as having an acute schizophrenic reaefiou 
with latent liomosexuality in which his 
homose.xual drir'es were channelized l>y tiie 
repetitive purchasing of men’s hosier?’. He 
improved markedi?’ under individual ps?’cfi(>- 
thcrap?' and. was discharged from the 
hospital 22 days after admis.sion. Around 
Ciiristmas of 1946 he married a woman 
lS?’cars Ins senior in order to attain sufficient 
economic sceurity to pur.ouc a course of 
in.sfruction wliieli would qiialif?' him as a 
beautician, fieveral weeks later be became 
tremulous, tense and an.xious, and abo com- 
plained of a “tight feeling in m?' stomach. 
TTjK>n jjressure from his famity he was sent 
to hi.s fnmil?’ ph.v.=ician w’ho prompth 
informed him that lie was suffering from 
'■th?*roid disease.” He was placed on .a 
routine of LugolV solution and vitamin 
injections prior to the regular follow-up vi-if 
with his p-yrhiafri=t. 

Treatment for ‘'(li?Toid (oxieosi-’’ h’l’ 
tjnlv .‘-'•rviHl to fixate lii« attention on h'*' 
sorna. The tni.'-lcd famity p[i?’.‘^ici.an hu' 
nnknov.'ingl.v converted .a c.’i-e of nrsxie ? 
re.action with a reasonable jirogno-'.= uno’ r 
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psychotherapy into a more rigid psycho- 
neurotic pattern which is extremely difficult 
to treat. This is a case of acute anxiety 
partially channelized in terms of the com- 
pulsive purchasing of men’s hosiery. He 
suffered an acute psychotic episode from 
which he' quickly recovered with adequate 
psychiatric care and guidance At the present 
time his marriage to an older woman presents 
a threat to his adequate adjustment, and he 
has developed somatic repercussions of 
anxiety. 

Summary. 1. A brief account of some 
of the methods used by military psy- 
chiatrists during World War II to prevent 
the continuation and calcification of 
psychoneurotic symptoms is presented. 


2. The symptomatology of anxiety and 
its relation to functional disorders of 
specific organs of the bodj’’ is discu*ssed. 

3. Four cases are discussed to show how 
doctors who are concerned only vdth the 
organic side of medicine can actually 
prolong a patient’s illness indefinitely. 
In addition, mistakes in the diagnosis of 
psychoneurotic disorders encourage pa- 
tients to make the rounds of doctors and 
eventually of cultists and quacks. The 
primary cause of these mistakes lies in the 
failure of medical schools to give the 
emotional side of illness its proper 
emphasis. 
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Dynamic Structure of Glucose Convul- 
sions. M. Wiekzuchowski, T. Tocztski, 
and .1 . Sysa (Physiological Institute, Medi- 
cal Faculty, University of Lodz, Poland). 
Hyperkinetic phenomena evoked by high 
concentrations of glucose in the blood and 
tissues appear during chloralose anesthesia 
almost in the same form as in the normal 
unanesthetized dog (M. Wierzuchoivski, 
J. Physiol., 87, So, 19.36; R. A. Cutting, 
P. S. Larson and A. M. Lands, Arch. Surg., 
38, 599, 1939), but at somewhat lower 
blood glucose levels (2100 mg. %). At 
the acme of conimlsions movements occur 
in all the striated muscles of the body 
and also in some smooth muscles. Because 
they are depressed by lack of Oj and ex- 
cess of CO>, they seem to be of central 
origin. This is proved by experiments 
with one hind leg isolated r-ascularly but 
with intact nervous connections. IMicn 
the trunk of such a dog is injected m'th 
glucose and the isolated leg fed by another 
flog Jjai-ing normal blood sugar le4’el, the 
perfused leg shows convulsions of the same 
shape as appear in the other hyperglycemic 
leg of the same dog. There e.xists an in- 
crease of reflexes in the beginning of h\7)or- 
kinc-sis but the reflexes may even disap- 
pear completely towards the end of con- 
vulsions. They seem, however, not to be 
connected with irritation of the afferent 
or interneuron connections. 

The fits persist after removal of the 
brain cortex. In decerebrated animals and 
in dogs with the cendca! spinal cord cut 
they apjiear as well below as above the 
level of s^wiion. In the hast ea.so when the 
spin.al cord is .‘•'■vered during eonmlsion.s, 
sonietimes almost no shock phenomen.a 
apfw.ar and the twitches continue as well 
fwlow as alK)Vi> tlic "■ection plane. That 
in thi-; ca*.c there i« no shifting of the «;jjc 


of convulsions from the higher levels of 
the neuraxis to the lower ones at the 
moment the section is made, is proven 
after vascular isolation of the head down 
to the cervical level with intact connection 
of the spinal cord with the brain. When 
such a head is perfused by another animal 
in which glucose concentration is being 
raised to the con\'ulsive level, convulsions 
appear in the isolated head obtaining high 
glucose supply, but not in the rest of the 
body havn'ng normal connections with the 
hyperglycemic brain through the intact 
spinal cord. Convulsions therefore origi- 
nate only in the levels of neuraxis which 
are in contact m'th high glucose and the 
sites of their origin seem to be flistrihiitcd 
equally along the whole neuraxis at various 
segmental levels, each of them having if.s 
own sensitivity towards the convulsive 
stimulus. 

After reaching the acme, convulsions 
slowly decrease when the glucose concen- 
tration in the blood is being further raisetl. 
They finally cease at some 4000 mg. 9c. 
but the motor neurons still obey impulse.^ 
coming from the higher centers, for .spon- 
taneous respiration further persists (M- 
Wierzuchowski, ■!. Sysa and T. Toezyski, 
Ahstrads of Comm. Xl'II lulrrnatiorifit 
Phvsiolngiral Congress, Oxford, p. 2.i", 
1947). 

As to the nature of active stiinuhi.s in- 
formation is obtained from the contiriunii' 
drop of the intracranial pre.^^siire when 
blood glucose level i.s raised continiioiisl.'. 
imiicating slirinkage of the brain .siibsfan'v 
and probably it.s dehydration. .\s similar 
convulsions were obtained during intra- 
venous injection of high amount.s of fotl- 
iiirn chloride, the active stientilus in both 
cji'cs i< the increased o-rnolic pref.s'jre. 
Unilcr highest glucose ‘•atiirafions in th' 
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body, almost a doubling of the osmotic 
pressure of the blood serum was found. 
For such conditions we suggest the name 
of hypermoleculosis. 


The Rate of Increase of Arterial Oxygen 
Saturation During Inhalation of Oxygen. 
W, S. Fowler, M.D., and J. H. Comroe, 
Jr., M.D. (Dept, of Physiology and Phar- 
macology, Graduate School of Medicine, 
Univ. of Penna.). Continuous measure- 
ments of arterial oxygen saturation (Milli- 
kan oximeter) and nitrogen content of 
the respired gases (Lilly-Herve^'’ nitrogen 
meter) were made in 42 normal adults 
following the change from breathing room 
air to breathing 99.6% oxygen. Alveolar 
p02 exceeded 160 mm. Hg \vithin 1 to 
3 seconds, lung to ear circulation required 
about 7 seconds and oximeter lag was 
6 seconds. Maximum arterial saturations 
were not recorded until 52 seconds (aver- 
age), indicating a 35 second delay between 
e.xpected and actual achievement of maxi- 
mum saturation. Voluntary hyperventi- 
lation with O 2 decreased the dela 3 ^ To 
test the possibility that the delay was due 
to uneven gas mixing in the lung, 14 sub- 
jects breathed 40 % O 2 for 5 to 7 minutes, 
with and without hj'^perventilation, then 
breathed 99.6% O 2 . In all cases, a sig- 
nificant further increase (mean 0.85 %) of 
saturation followed pure O 2 inhalation. 
These results suggest that neither (1) ven- 
ous-arterial shunts, (2) une^'en lung mix- 
ing, nor (3) Hb reduction from ear metab- 
olism are adequate explanations for the 
delay, but may indicate that alveolar and 
arterial oxygen tensions greater than the 
customarily accepted level of 160 mm. Hg 
are required to completely saturate Hb. 
The shape of the oximeter cur\’es, (1) on 
breathing oxygen, and (2) when breathing 
of room air is resumed suggest a reciprocal 
relationship between reduced Hb and p02. 

The rise of arterial saturation is the end- 
result of several processes: movement of 
O 2 to alveoli, involving lung gas mixing; 
diJTusion of O 2 across the alveolar mem- 
brane into the red blood cell; conversion 


of reduced Hb to Hb02; transport of 
Hb02 to the site of measurement. Dis- 
turbance of these functions in cardiorespi- 
ratory disease was reflected in a delayed 
rate of arterial saturation increase on 
breathing oxygen. 


The Effects of Frontal Lobotomy on 
the Cerebral Blood Flow and Metabolism. 
Henry A. Shenkin, M.D., Rachel B. 
Woodford, M.D., F. A. Freyhan, M.D., 
and Seymour S. Kety, M.D. (Depts. of 
Surgery, Psychiatry, and Pharmacology, 
Univ. of Penna.; and the Delaware State 
Hosp., Wilmington, Del.). The nitrous 
oxide technique for the measurement of 
the cerebral blood flow was applied to 
7 ps^^chotic patients before and after 
frontal lobotomy. The study was done 
^vithin the week preceding operation and 
from 13 to 33 days after operation. The 
cerebral blood flow was found to be sig- 
nificantly decreased following operation 
from an aA’^erage of 56 to 43 cc./lOO gra. 
brain/min. (23%). The cerebral oxygen 
consumption was also significantly low- 
ered by 16% from 3.6 to 3.1 cc./lOO gm. 
brain/min. The cerebrovascular resis- 
tance was found to be markedly increased 
follovdng frontal lobotomy. The increase 
averaged 23% from 1.7 to 2.1 resistance 
um'ts. No significant change was found 
in the mean arterial blood pressure, nor 
in the carbon dioxide, or oxygen contents 
of the arterial or internal jugular blood 
following frontal lobotomy. It seemed 
clear that the cerebral blood flow resulted 
from the increase in the cerebrovascular 
resistance. The increase in cerebrovascu- 
lar resistance could possibly be related to 
the decrease in cerebral metabolism, but 
tlie data did not clearly indicate this rela- 
tionship. The decrease in cerebral metab- 
olism seemed to be more likely the result 
rather than the cause of the lowered cere- 
bral blood flow. This was supported by 
a slight increase in arteriovenous o.xygen 
diff'erence indicating a relatively lowered 
oxygen supply to the brain following lo- 
botomy. An equally feasible theorj- for 
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the reduction of tlie cerebral metabolism 
following lobotomy is that operation 
interrupted important association path- 
ways leading to a decrease in the total 
number of stimuli playing upon the 
cerebral neurons with the lowered activity 
reflected in the lowered cerebral metabolic 
rate. 


The Standardization of Hemoglobin 
Measurement. David L. Drabkin (Dept, 
of Phj'siological Chemistry, Graduate 
School of Sledicine, Univ. of Penna.). In 
a continuation of our work upon the stand- 
ardization of hemoglobin,^ it has proved 
desirable to secure an independent (non- 
hemoglobin or hemin derivative) method 
for the standardization of hemoglobin 
measurement, as well as of the instni- 
ments used for this purpose. The increas- 
ed popularity of photoelectric photometry, 
and the probable replacement of older 
"colorimetric" procedures by thc^more 
modern photometric techniques has made 
it advisable to seek a standard applicable 
to the use of the photoelectric filter pho- 
tometers. 

Drabkin ajid Austin’s spcctrophoto- 
metric standard- of cupric ammonium sul- 
fate (CuSOi in 2N NHiOH) has, accord- 
ingly, been successfully adapted for the 
standardization of hemoglobin measure- 
ment. The standard may be prepared 
from either high-grade, non-deliquescent 
crystals of CuSOi..5 H;0, or, more elitcly 
from Bureau of Standards copper.^ Con- 
version factors have been obtained from 
the ratios of the optical densities, B values 
(= -log transmission), of 0.012 M Cu- 
SO,.4MI,.H:0 and of 0.0.3.5S mM/I. oxy- 
hemoglobin, IlbO.', also of O.O. 3 . 0 S mM,/L 
cyanmctheinoglobin, MHbCX, for .3 types 
of spc'ctrophotometcrs, the Bau.sch and 
I>f)mb i)o!arization (.3 instriinicnts cheeked) 
and the Beckman photoelectric (2 instrii- 
ment.s cheekcfl): the Hardy automatic re- 
cording in.stniment, and 2 filter photom- 
eters, the Evelyn (2 instruments cheeked) 
and the Klctt-?timnic!-ion Oi imtniments 
checked). With the sjK-^trojihotomctcrs, 
tie- wave-h-ngth retting wa- ,at olG inn. 


With the filter photometers the green fil- 
ters, with maximum transmission at X 
540 m/I were used. The concentrations 
chosen for the copper salt standard and the 
cyanmethemoglobin (a measure of total 
pigment^) were such that tvith the B<ausch 
and Lomb spectrophotometer identical D 
values were obtained for the 2 solutions. 
The concentration of 0.035S mM/L of 
HbO. or JIHbCN is that yielded by a 
sample of blood, originally containing pre- 
cisely 15 gm. of hemoglobin per 100 ml., 
diluted 1 to 251 (as with a standardized 
capillary pipette of 20 c.mm. capacity, 
washed out into 5 ml. of solvent). 

Owing to the fact that the usual filters 
in filter photometers have a broad spectral 
span, the ratios of Dhi>o.-/Dc», standard 
of AMHbCN/I?C;i standard (= 0.9S4 and 
l.OSO respectively for the Klett-Summcr- 
son instrument) once established can he 
used for that particular type of instni- 
ment. For each type of filter photometer 
they are independent of the character of 
individual photocells, test-tube cuvcttc.s, 
and filter. This has been verified on sev- 
eral instruments of each type, as has been 
stated. In our hands the determinations 
with the separate instruments agreed vdth- 
in —1%. 

Thus, an Evelyn or Klett-,Summcrson 
filter photometer is calibrated for hcm(^ 
globin measurement by means of thegra'i* 
metricallv prepared independent standard 
of CuSdi. 4 X 113 . 11 : 0 . The V value for 
blood containing 15 gm. of hemoglobin 
per 100 ml. is then obtained by the use 
of the conversion factors, wliicli we h.-i'C 
determined. The advantages of tins 
method of standardization of hemoglobin 
me.'i.surcment need not be cnumcratc< • 
However, it nmy be pointed out that the 
method has far broader photometric an.i- 
Ivtieal po.=:sibilitie.s. 

■ In 07 nmle and 15 female fre.sluncn o! 
the School of iMcdicinc, Eniversitj 0 
renn.=yivani,a, the hemoglobin content of 
the capillary (finger-tip) blood, .“.amp.r' 
bv means of ealibrated 20 c.mm. pip- tte’ 
from May 2.3 to .30, 1010 (mean room tem- 
perature “ 2.5,.5” E.), .J to 4 lioiim aft'- 
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breakfast, witli the subject in the sitting 
position, was found to be respectively 
16.3 (S.D. = ±0.9) and 14.5 (S.D. = 
±1.1) gm. per 100 ml. 

In an earlier series (December, 1944) 


blood samples obtained after dinner from 
38 male students by venipuncture and 
diluted macro-volumetrically had a hemo- 
globin content of 15.5 (S.D. = ±0.8) gm. 
per 100 ml. 
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Food Regulation and Compliance. 

Arthuk D. Herrick, Member of the New 

York and Federal Bars. Vol. II. Pp. 655. 

New York: Revere Publishing Co., 1947. 

Price, SIO.OO. 

4'’olume I of this set appeared in 1944 and 
concerned itself primarily with the various 
aspects of food labeling, packaging, grading 
and advertising under the Federal and State 
laws governing the same. Such laws seek 
also to prevent the distribution of adulter- 
ated, deleterious and unwholesome foods. 
The present volume discusses food regula- 
tions concerned with the actual production, 
processing, packaging and storage of foods. 

Most of the discussions are limited to the 
Federal Food, Drug and Cosmetic Act and 
the various directives and court interpreta- 
tions of this body of law. Approximatelj' 
half of the volume is devoted to mode of 
administration, controls, enforcement means, 
offenses and idolations, criminal prosecution, 
seizure and injunctive proceedings. An ap- 
pendb: abreidatcs the Federal Act and the 
general regulations for its enforcement. 

The book will be of value primarily to 
producers, processors, and distributors of 
foods to the public. H.V. 


BTiat is Psychologv: A Basic Sgri'ev- 
By Werner Wolff, Professor of P^xhol- 
ogj', Bard College, Annand.ale-on-Hudson, 
N. Y. Pp. 4 10; .39 figs. New York: Gninc 
& Stratton, 1947. Price, .S4.00. 

The VTitcr states that psycholog}- "deals 
with man’s inner e.vpericnces and his be- 
havior, with the interrelationship of both, 
with the organs influencing CNpcriencc and 
bchaHor, and with the relationship of the 
experiencing and behaving indindual to his 
enHronment.'' Much space i.s accorded the 
psychoan.aly.ri.s of Frcufl, together with the 
teachings of two of hi.s leading followers — 
.Vlfrcd Adler with his individual p^'chology, 
and Carl Jung with his analytical p-ychol- 
og>-. In tho chapter on Thinking, in a dis- 
cuvinn of the cinditionwl reflex plu-no- 
incnon, it is .«f.ated: "All involunt.ary rcac- 
tiiins such .a- breathii'.g, liearth'-.at, rraction' 


to heat and cold, might be regulated, and 
that this is actuall 3 ’ possible is shovR bj’ a 
method which has been used for thousand? 
of j'ears bj' the Hindus, the method of Yoga.” 
Bj”- the wa}', Freud’s “deptlipsycholog)'” 
would not be considered sufficienth’' deep for 
Yoga. 

"There is much disagreement as to a 
detailed definition of the term 'personality.' 
G. W. Allport is quoted as listing more than 
fifty definitions.” This statement is followed 
bj-- much criticism of various definitions; but 
the writer has none of his own to offer. The 
same is true in the discu.s.sion of “intelli- 
gence.” However, earty in the book we are 
warned that psj’chologj* is a science of con- 
tradictions. There is a bibliograph.v of 21 
pages and an ample index. 

N. y. 


Buchanan’s NIanual of Anatomy. By 
F. Wood Jones, Ds.C., c( al, "fh cd. 
Pp. 1616; .38 ills. Baltimore: Williams A 
Wilkins, 1946. Price, SIO.OO. 

This book is precisely what it profc.'se.= 
to be, a manual of topographic anatomy. 
The subject is well covered, yet it i.s pre- 
sented in a clear and conci.se manner with a 
minimum of unnecessary' detail. The bone? 
are discussed at the greatest length in a 
series of chapters at the beginning of the 
book. The rcm.ainder of the volume i? 
devoted to a topographic .'urvey of each 


region of the body in turn, each structure m 
a given region being dc.'crihed and its rela- 
tion.ships pre.-ented. 

Very little hi.slology or sy.‘^tematic cnihry- 
alogy is included. The latter i- dispowd of 
in a single conci.=c chapter. Histologic feat- 
ures are hut briefly mentioned in conjunction 
with the gro.== de.’cription.=. 

The illustration' are black and white Im'’ 
Irawing--. Bliilc simple, and ocea-:onalb 
mrnewhat crude, they are elear and to tr.c 
vjint, ami they .■••erve their purjK.)=e veil. 
ev.* rrj<'rif uenogram' are al-o included. 

An a5);)e:idi-'i g!o--ary n.nd se.'-ie? of b'.''- 
waphical note.; are *.■.•> hi.able, ^ 
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The Proceedings of the Charaka. Clot. 

Vol. XI. Pp. 243. New York: Richard R. 

Smith for The Charaka Club, 1947. Price, 

$7.00. 

The 24 contributions put forth in this 
volume date from 1940 to 1944, and about 
an equal number read before the Club are 
listed by title only. Continuing the aims for 
ivhich this unusual organization was founded 
almost half a centurj'- ago by Collins, Dana, 
Holden and Sachs, its programs exhibit 
varied expressions of culture indeed. Medi- 
cal history, essays, biographical sketches — 
including memoirs of 6 deceased members— 
poetry, fiction, accounts of travel are some 
of the fields represented. Mention of indi- 
vidual items for the present volume would 
serve no useful purpose — an exception must 
be made, however, in favor of the sprightty 
essay on “The Lamentable Decline in Self 
Satisfaction,” presented in 1940 but even 
more applicable today than in that distant 
time. Suffice to say that, contrary to what 
one so often finds in scientific articles, these 
are uniformly well written, and few are with- 
out some general interest. Let us hope that 
a semi-centennial volume is already in the 
making, and that this distinguished group 
will continue its activities into the far future 
for the delectation of the general public as 
well as of its own members. 

E. K. 


The Peripheral Circulation in Health 
AND Disease. By Robert L. Richards, 
M.D., Rockefeller Fellow in Medicine; 
formerly Assistant Physician, Neurovascu- 
lar Unit, Gogarburn Hosp., Edinburgh. 
Pp. 153; 104 figs. Baltimore: Williams & 
Wilkins, 1946, Price, S6.00. 

This book contains much information on 
the physiolog}' and functional pathologj' of 
the arteries and the vasomotor nerves. The 
greater part of the book is devoted to a study 
of the response of the skin temperature of the 
extremities to cold and reflex heat and to 
diagnostic nerve block. The vasomotor re- 
sponses of patients with organic arterial oc- 
clusive disease and with Raynaud’s phe- 
nomenon are discussed in detail. A chapter 
is devoted to the vasomotor response in 
patients with peripheral nerve injuries. 
Much information is present here which 
.should bo valuable in studying these patients, 
particularly in determining the degree of 


nerve injury and the rate .and amount of 
nerve regeneration as manifested through 
stud3dng the vasomotor response in the 
digits and extremities. The final chapter are 
concerned with the immersion foot syn- 
drome. This book should prove of consid- 
erable value to those who are especially 
interested in diseases of the peripheral blood- 
vessels and nerves. One comment that 
might be made is although the volume 
claims to discuss the peripheral circulation, 
it devotes no space to diseases of the 
veins. This is a common error in the titles 
of papers and books. M. N. 


Bone and Bones. Fundamentals of Bone 
Biology. By Joseph P. Weinman, M.D,, 
and Harry Sicher, M.D. Pp. 464; 
289 ills. St. Louis: C, V. Mosby, 1947. 
Price, SIO.OO. 

This is an interesting book in a field here- 
tofore largely neglected; that is, the biology 
of bone. The' authors devote 2 chapters to 
normal structure of bone and the major 
portion of the book to its pathologic condi- 
tions. Most of the affections of the skeletal 
system are discussed from the endocrine, 
vitamin and mineral effects and infection, 
traumata and tumors of bone. It should 
be a verj”- valuable guide to those interested 
in bone and joint pathologj’-, though it is to 
be hoped that the cuts wdll be more clearl}^ 
reproduced in subsequent editions. In spite 
of this the book is a useful treatise on a 
much neglected topic and the combined 
efforts of the anatomist and pathologist 
have produced a verj^ worthwhile volume. 

P. C. 

Retinal Structure and Colour Vision. 
By E. N. WiLLMER. Pp. 231; 77 figs. 
London: Cambridge Univ. Press; New 
York: klacmillan, 1946. Price, $4.50. 
The author re%'iews the current histologic 
and cytologic picture of the human retina. 
He points out the differences in the structure 
of the rods and cones and their neural con- 
nections, based on the current conceptions 
of Polj'ak, and their functions are discussed. 
On the basis of sensiti\utj’- curves, there 
seems to be little doubt that the retina con- 
tains 2 separate sets of sensorj' elements, 
each responding in different degrees to all 
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wave lengths of the visible spectrum which 
fulfills the minimum requirements for the 
discrimination of intensify in wave length. 
Keeping this in mind, in the rest of the book 
the author attempts to bring into line the 
known data of color ^^sion in terms of stimu- 
lation of these 2 retinal receptors. This 
theoo’- necessitates postulating the existence 
of 2 separate types of rods, (1) those, con- 
nected with visual purple, which function in 
dark adaptation, and (2) a non-adapting or 
“day rod” which have either never acquired 
or have lost the power of dark adaptation, 
although they still depend for their spectral 
sensitivity upon visual purple. These 2 types 
of rods, plus the cones, each would have its 
own spectral sensitivify and thereb}' fulfill 
the essential condition for complete color 
vision. 

The book is well written and the author 
presents a convincing hjqDothesis. He, him- 
self, admits and points out the weaknesses 
in his hj^jothesis. It should be read by all 
who are interested in the subject of color 
vision, F. A. 


AnvANCEs IN Protein CHEsnsTRY. Vol. III. 
Edited by JI. L. Anson, Continental 
Foods, Hoboken, and John T. Edsael, 
Haiward Medical School, Boston. Pp. 
524. New York: Academic Press, 1947. 
Price, S7.50. 

To keep acquainted with the changing 
and growing fields of protein chemisti^’^ 
articles of the type contained in this volume 
is a necessity. Each author has presented a 
comprehensive treatment and critical evalua- 
tion of the subject within his special field 
of endeavor. The following topics are re- 
viewed: (1) Transamination and the Integra- 
tive Functions of the Dicarbo.xj-lic Acids in 
Nitrogen Metabolism, by Mexander E. 
Braunstein. (2) Ferritin and Apoferritin, by 
Lconor Michaelis. (3) Adsorption Analysis 
of Amino Acid Mixtures, by Ame Tisclius. 
(4) Spread Monolavers of Protein, by Ilenra' 
B. Bull. (5) Films of Protein in Biologic.al 
Process, by Alexander Rothen. (6) The 
Chemical Determination of Proteins, by 
Paul L. Kirk. (7) Reactions of Native Pro- 
teins With Chernic.a! Reagents, by Roger 
M. Herriott. (S) The .-Imino Acid Require- 
rnrnts of Man, by Anthony A. Albancse. 
(0) The Use of Protein and Protein Ilydro- 
hvatej for Intnv-vnotH Alimentation, by 


Robert Elman. (10) The Preparation and 
Criteria of Purify of the Amino Acids, by 
Max S. Dunn and Louis B. Rockland. (11) 
The Plasma Proteins and Their Fractiona- 
tion, by John T. Edsall. 

This 3rd annual volume maintains the 
same high degree of e.xcellence observed in 
the earlier issues. H. V. 


The Acute Infectious Fevers. By Alex- 
ander Joe, M.D., D.S.C., Univ. of Edin- 
burgh. Pp. 276; 64 ills. Phi)a.:Blakiston, 
1947. Price, S4.50. 

The expressed purpose of this book is to 
present the personal experience of the author 
to the beginners in the field of infectious 
diseases. The common contagious diseases, 
puerperal sepsis, cerebral spinal fever, enteric 
fever, erjdliema infectiosum and scrum reac- 
tions are discussed. 

Adequate description of the s.vmptoins, 
pathologj', etiologj' and complications arc 
presented. Detailed nursing and supporli\e 
care is presented in each chapter. This 
should aid in comforting the patient. The 
author has evidently mastered this phase of 
the art of therapy. However, the description 
of the newer antibiotics is inadequate. .-M- 
thougli sulfonamides are recommended for 
7 of the 13 diseases, the toxic reactions to 
these drugs are Ijriefiy mentioned and only 
once, in the sixth chapter. The index dof 
not refer to sulfonamide toxicity. Pcmcilnn 
is mentioned briefly but the author fails to 
prescribe it in the therapy of agranulocytosis. 
The v.aluc of penicillin in the treatment o, 
puerperal fever is regarded as subjmlice; M 
the author advises the intrauterine instilla- 
tion of glycerine in this condition. To the 
reviewer, "tliis seems to bo a dangerous prac- 
tice. Streptomycin is not mentioned m the 
book. The adrenal extract therapy jn the 
Watcrhouse-Friderickscn B>'nclromc i= not 
discussed. The u.=c of nnti-hist.amine Jne<h- 
c.atior) in combating ixmiciHin and serum 
reactions i.^: not mentioned. 

No bil)liogr.aphy is presented. . 

In a field in which thernT>cutic.= is rnpuli." 
changing, .a complete tre.ati'C should contain 
the experience of a se.asoned clinician p '» 
the recent discoveries of the re^eareh ’c-fUEcr. 
Tlu- scope of this book .ndequ.at'dy pre-er.f- 

(fie former but not the latter. 
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Functional Cardiovascular Disease. By 
Meyer Friedman, M.D., Lt. Col. Med. 
Res. Corps, U.S.A.; Director Harold 
Brunn Inst, for Cardiovascular Research, 
Mt. Zion Hosp.; etc. Pp. 266; 24 tables.- 
Balt.: Williams & Wilkins, 1947. Price, 
$3.00. 

This book represeots the effort of an 
internist trained in cardiovascular dynamics 
and clinical medicine to deal with the subject 
commonly spoken of as neurocirculatory 
asthenia “by filling in the physiological gaps 
between the concept of the disease held by 
the internist and that held by the psychia- 
trist.” In other words, physiological reac- 
tions have been sought to explain the occur- 
rence of the various phenomena arising in 
this disorder. The author has gone a step 
further than the usual medical approach to 
this subject both from the physiological and 
psj'-chological standpoint. In spite of some 
valuable physiological and clinical observa- 
tions on the mechanism of pain, the patho- 
genesis of giddiness and the introduction of 
new concepts of the pathogenesis of the 
total disorder, it is doubtful if the study 
brings us much closer to an understanding 
of this complicated problem. The use of a 
new terminolog}’^— cortico-hypothalamic im- 
balance, cortical recession, etc,, seems un- 
fortunate. Apparently, the author has 
developed his own psychological approach in 
trying to understand and treat the acute and 
chronic sufferers from this disorder, and, 
when he is asked why the Function Cardio- 
vascular Disease sjmdrome should not be 
called “an.xiety neurosis,” he can find no 
objection if “it is realized that manj’^ so- 
called cases of anxietj'- neurosis are probablj’- 
not due to aiLxiety.” This rvould seem to 
represent a pit-fall of the clinical observer 
untrained in psychodynamics. Finding the 
source of an-xiety in anxiet}’- neurosis depends 
upon the psychological training and experi- 
ence of the obser^'er. As Ewing said about 
the microscope as an instrument of precision, 
“It all depends on who is looking through 
it.” Similar criticism might be made con- 
cerning the psychotherapj’- developed by the 
author; but in spite of an obwous lack of 
training in this field he has made some 
shrewd and helpful observations. 

These criticisms, however, should not 
detract from the many interesting and valu- 
able observations contained in this careful 
study, which can be highly recommended 


both to internists and psychiatrists. The 
former will gain a better appreciation of 
emotional factors and the latter will benefit 
from the careful scientific discipline demon- 
strated by the author’s approach. 

E. W. 


Nutritional and Vitamin Therapy in 
General Practice. By Edgar S. Gor- 
don, M.D., Ph.D., Assoc. Prof, of Medi- 
cine, Univ. of Wisconsin. 3d ed. Pp. 410. 
Chicago: Year Book Publishers, 1947. 
Price, S5.00. 

Dr. Gordon has written a comprehensive 
survey of available information in the nutri- 
tion field. Included are chapters on all of 
the vitamins, on minerals, protein, fat and 
carbohydrate. There is also a chapter on 
weight control, one on dental problems in 
nutrition and a final chapter dealing with the 
economic side of nutrition. Under every 
heading, is a brief historical background, a 
simple statement of the chemistry and phy- 
siology fundamental to an adequate under- 
standing of the role of the dietary component 
in question with practical consideration of 
the therapeutic indications for, and waj's of 
handling intelligently, the clinical adminis- 
tration of each nutrient. The text is well 
documented by references, food tables, a list 
of available commercial preparations, and a 
brief summary of laboratory methods of 
dosage for deficienc}” diseases. The result is 
a volume useful both to the student of 
nutrition and to the clinician. 

K. E. 


Gastritis. By Rudolph Schindler, M.D., 
F.A.C.P., Clinical Prof, of Internal Medi- 
cine (Gastroenterologj’-), College of Medi- 
cal Evangelists, Los Angeles, Cal.: Pp. 
462; 96 ills., 2 color plates. New York: 
Grune & Stratton, 1947. Price, .$10.00. 

A BOOK that comprises a complete treatise 
on the subject of gastritis, it contains chap- 
ters on histon.% definitions used, classifica- 
tions, gross and microscopic pathologj% clini- 
cal considerations (etiolog}’, sjTnptoms, diag- 
nosis, course, prognosis and treatment), 
concomittant diseases and sequellre of gas- 
tritis, In addition there is a chapter devoted 
to gastritis in I^Iilitarj' Medicine. Fifty-five 
selected cases of gastritis are summarized. 
There is an e.xcellent bibliography of 401 
references. 
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The subject matter on a rather contro- 
versial disease is clearly presented by one of 
the leading authorities in the field of gastro- 
scop 3 ’^. The author draws freelj' on a very 
large personal experience but also presents 
opinions and experiences of others. ICot any 
of the phases dealing -ndth the subject are 
neglected, A close correlation between gas- 
troscopic and microscopic findings is estab- 
lished. There are 89 large reproductions of 
photomicrographs of tissue sections, 4 photo- 
graphs of gross specimens, and 2 color plates 
that present 12 gastroscopic pictures of 
normal mucosa, chronic gastritis, tumor 
forming gastritis and atrophic gastritis with 
carcinoma. These add greatl 3 ' to the value 
of the book, which reads easil 3 ’^, is well 
uTitten and brings the subject matter up to 
date. It ma 3 '’ be read with profit b 3 ’’ internists 
as well as specialists in the field. 

T. M. 


The PsTCHOAN.A.nTTrc Studv of the Child. 
Volume II, Editorial Board (United 
States): Phtllis Greekacre, M.D., 
Heinz Hartmann, iM.D., cl al Great 
Britain: Anna Freud, Willie Hofter, 
M.D., Ph.D., L.B.C.P., Edward Glover, 
M.D. Pp. 424 ; 6 tables. New York: 
Internat. Univ. Press., 1946. Price, .$7.50. 
An illustrative method of treatment is 
found in the Anah'sis of a Case of Night 
Terror, about a boi- who, hainng witnessed 
se.xual relations between quarrelsome par- 
ents, regarded his fatlier’s performances as 
sadistic and developed a si-mpathctic affec- 
tion for his mother. Soon amorous feelings 
for the anaivst were experienced and expos- 
ure of liis person followed. Secreth' observing 
other children haring sexual relations led to 
masturbation, and immature dc.rirc induced 
a proposal of marriage to his anaWst. Psx*- 
choanaU'tic intendews of .about a x-car and a 
half gax-e relief from night terror and general 
improvement, .^t about 14 lie jias^cd 
through normal puberty. 

Though psychiatrist.' of the eighteenth and 
nineteenth coutnric ? knew disturbed r-mo- 
tions could lead to neuro-e,-, they were not 
aware of conflicts. However, .1. B. Foli.x 
Dcscuret. a French plysici.an, realized tlwir 
significanc'* a' a cau'e of jis 3 'ch''eomatTe 
symptom^. Among other intfre-ting topic? 
«iivn--ed are The Ciiihi’s Izuighter, Twin', 
.and a f'.Tse n' .^up rego Deicrioration. 


Manual de Dermatologu. Edit.ado bajo 
los auspicios del Comitd Medico de La 
divisidn de Ciencias hiddicas del “Nation.al 
Research Council." Por Donald M. 
PiLLSBURT, i\I.D., Marion B. Sulz- 
berger, M.D., Clarence S. LmxGooD, 
M.D. Translated b 3 ’’ Roberto Quero, 
iVI.D. Pp. 470; lOS ills. Havana, Cuba: 
Publicaciones Cientificas (M. V. Fres- 
neda, Ed.), 1947. Price not given. 

This x-olume is the Spanish rendition of 
the popular Manual of Derilytologt 
(Saunders, Philadelphia, 1942), reriewed in 
this Journal, March, 1943, Vol. 205. The 
translator has stuck faithfulb' to the Ancri- 
can text and the publishers have drcs.«ed up 
the ph 3 Eical appearance of the book by the 
addition of a two-toned cover and a con- 
venient thumb-mark to the appendix. The 
page and t 3 TDe size of the translation are 
somexvhat larger than those of the Aracric.'in 
edition. This edition extends to the Latin 
.American countries the usefulness of an 
already widely accepted book. 

II. n. 


Psychiatric Research. Papers Read at 
the Dedication of the Laborntor 3 ‘ for Bio- 
chemical Research, Mcl>ean IIosp., Vav- 
crly, Mass. By Cecil K. Drinker, Joudi 
Folch, Stanley Cobr, Herbert S. Gas- 
ser, Wilder Penfield anti Edwari) A - 
Strecker. Pp. 113; 7 ills. (Harvard Uniy. 
Monograph in Medicine and Piihlk 
Health, No. 9). Cambridge: Harvard 
Unix’. Press, 1947. Price, -$2.00. 

This scries of addres.scs at Alcljcan Hos- 
pital i.s opened bx* a history of research nt 
that liospit.al xvritten b}- Cecil Drinker, A 
surx’cx', bx' Jordi Folch, of the chemical brain 
follows, in which arc li.'tcd the hrain’.= lari- 
of a Ix-mphatic sy.'tcm, its nlnindanf hlvsi 
supplx', it.s x’cry high oxygen consumption, 
its specialized metabolism with a uniqno 
chemical comporition and a bloorl-hmin har- 
rier. Stanh.y Cobb de.scribe.s the aj^phe.itior;- 
of re.-carch technirjue? to patient- at t!.‘' 
Mns,-achn=etts Gcner.al Ilosjjital. IhrlK-'i 
Castor atlvanrcs the suggr-tix-e -t.afe.'nf.ot 
th.at the ino,-t significant rontribut'.yn )■' 
biology -.vitliin tlu* span of lu’s lifeUiv.e !• ti '- 
elucidation of tlv step-' in mfemie'n.-o 
met.al^t!i-7n. Eu’ward ‘•'[rr-rkf-r, empL.anz ar 
tlm importance of j > yeinatne re ■'•are}., .'•'a-' ^ 
hi- eorix-iofi''.n fh.at ri-.'’ exart s.-j-rrf ~ ! '"■ 
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less-exact psychiatry to save man from 
destroying himself. Wilder Penfield describes 
the research possibilities in a study of psychi- 
cal seizures. E. B, 


Medical Clinics of North America. 

March 1947. Nationwide Number. Sym- 
posium on Diabetes. Pp. 259-495. Phila.: 

W. E. Saunders. Price, $16.00 a year. 

This siraposium on diabetes is a useful 
summary of current concepts of this disease. 
Although the papers might have been ar- 
ranged in a somewhat more effective order, 
the material in them should interest physi- 
cians in the field of Internal Medicine. Some 
of the laboratory aspects are discussed by 
Drs. Lawrence, Mosenthal and Marble. 
Methods of handling various clinical prob- 
lems are described by Drs. Boyd, lATiite, 
Sprague, Root, Brigham, Duncan, Ling and 
Rjmearson. The modern preparations of 
insulin and their uses are discussed by 
Drs. ColweU, Peck and Goldner. The col- 
lection is rounded out by Drs. Striker, Wil- 
kerson, Bailey and T^Tiite and Mr. Herbert 
Marks who summarize past progress and 
indicate trends of current and future work. 

One of the most interesting aspects of the 
symposium as a whole is the attitude of the 
various writers concerning the degree of 
control of the diabetes and the goal of 
therapy. With the recent enthusiasm on 
the part of some writers for a regimen which 
allows glycosuria and elevated blood sugars 
as long as the patient feels well and is clini- 
cally in good condition, there has been a 
tendenc}'- on the part of many doctors to feel 
that they can safely relax the older, more 
rigid standards. It is interesting to see, 
however, that this group of exiierienced men 
from different parts of the countrj’’, WTiting 
on different aspects of diabetes, agree on 
the ad\dsability of maintaining blood sugar 
levels within normal limits and keeping gly- 
cosuria at a minimum. 

The sections on the interpretation of 
Glucose Tolerance Curves and the hlelli- 
turias should be of practical value to the 
physician confronted with a borderline case. 
Although there is nothing verj' new pre- 
sented in the papers on insulin, they do give 
an adequate and useful siunmarj" of the 
available preparations, their actiGties and 
the indications for each. The pln*siologj’, 
patholog}' .and treatment of the complica- 
tions of diabetes as well as acidosis and 


coma are abty discussed. Dr. White’s ob- 
sen'-ations on pregnancy complicating dia- 
betes of long duration are of particular 
importance in view of the increasing number 
of childhood diabetics now reaching the 
child-bearing age. 

Although the protagonists of free diet are 
not represented, the symposium will give 
the general practitioner a fair view of the 
opinions of the majority of specialists in 
diabetes. H. C. 


Synopsis of Operative Surgery. By H. 
E. Mobley, M.D,, E.A.C.S., Chief of 
Surgerj’-, St. Antony’s Hosp., Morrilton, 
Ark. 2nd ed. Pp. 416; 38.3 ills., 37 in 
color. St. Louis; C. V. Mosbjq 1947. 
Price, S6.00. 

In this book an attempt is made to show 
and describe the essential steps of all the 
common operations of general surgeiy and 
the specialties, neurosurgerjq urology, ortho- 
pedics, gjmecologj^ and otolaiyngologj'. “It 
is the author’s hope that the fundamental 
principles of operative technique presented 
will give the student the desired information 
without extensive research on his part.’’ 

Discussion of preoperative and postopera- 
tive care and anesthesia in the first 3 chap- 
ters wiU seem inadequate to the present-day 
medical student, and some statements will 
be surprising, e. g., “Adrenalin chloride heads 
the list of drugs to combat shock.’’ In the 
nex-t 3 chapters there are general remarks 
about surgical technique, knot-tjdng and 
suturing, and incisions. Some inadidsable 
incisions are sIiointi, c. g., longitudinal inci- 
sions across flexion creases. In the rest of the 
book operations on the various regions of the 
body are described and illustrated. For the 
most- part, sound and well-established pro- 
cedures have been chosen, and the de.'^crip- 
tions are clear and accurate. To the novice 
the small size of the illustrations and the 
omission of some steps may be a handicap. 
Indications for operations are mentioned 
briefl}', if at all, and in some instances, such 
as the recommendation for local excision of 
non-obstructing gastric ulcer, are not in 
agreement with current surgical teaching. 
Also, few will agree with the statement that 
the injection treatment of inguinal hernia 
gives “results as good or better than those 
of the operation.’’ Busj- students, however, 
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desiring ready access to essential details of 
operative surgen-, v-ill doubtless find this 
book useful. P tv 


^ iTAiJiNs AXD Horiio>'es. Advances in 

Research and Applications. Edited bv 

Robert S.^ Rvrris and KE^■^'ETH Y. 

Thmax. \o1. r\'. Pp. 406. New York; 

Academic Press, 1947. Price, S6.80. 

_ The following subjects are reriewed: The 
Newer Hematopoietic Factors of the “iuta- 
min B Complex, by J. J. Pfifiner and A. G. 
Hogan; Nutrition and Resistance to Infec- 
tion; The Strategic Situation, by H. A. 
Schneider; IManifestations of Nutritional 
Deficiency in Infants, by F. W. Clements; 
Effect of B Yitamins on the Endocrinolo^cal 
.^ects of Reproduction, by Roy Hertz; 
Nutritional Therapy of Endocrine Disturb- 
ances, by M. S. Biskind; The ThiToid and 
Diabetes, by B. A. Houssa}*; Th3Toactive 
lodinated Proteins, by E. P. Reineke; The 
Protein Anabolic Effects of Steroid Hor- 
mones, by C. D. Kochakian; Methods of 
Bioassaj’ of Animal Hormones, bv S A 
Tha.ver. 

As in previous volumes the subjects are 
well covered by authors familiar with their 
respective fields. The author of the second 
chapter has deviated somewhat from the 
customaiy’ t3'pe of scientific reriew in that 
the discussion is more philosophic. In the 
Revieu er s opimon this departure is a pleas- 
ant interlude from the usual recitation of 
facts and observations, even though it may 
not so well answer the needs of the scientific 
investigator. 

There are several minor errors, either 
tv-pographic or otherwise. Some of these 
are found on pages 93, 168, 271, 320, 338 
and 354. On page 200 the reader is informed 
that 9 out of 19 equals 52%. These are all 
minor and can easil3* be overlooked. ' 

This volume includes a cumulative inde.x, 
both author and subject, for the first 4 vol- 
umes. J. 


changed flint-lock to punch locks, carried 
on research in chemistrx- and discovered 
chloroform. The little volume, well illus- 
trated and documented, is of interest to 
medical _ historians and to specialists in 
anesthe3ioIog5’’. It serves the purpose of 
bringing together data about a little knoun 
man whose accomplishments in the scientific 
world have been recognized onlv relativeh" 
recently. ' R. D. ' 


Experiexces With Folic Acid. B3’ Tou 
D. Spies. Pp. 110; 34 figs. Chicago: 
The Year Book Publishers, 1947. Price, 
$3.75. 

This small monograph is principally a 
summary of observations on the clinical 
use of folic acid made at Cinciimati, Ohio, 
Birmingham, Ala., Havana, Cuba, and San 
Juan, Puerto Rico, b3' Dr. Spies and his 
associates. Two of these medical centers are 
located in the temperate zone where perni- 
cious anemia is common and sprue is un- 
conunon; the other 2 in the tropical zone 
where the opposite is the case. This arrange- 
ment afforded an opportunit3' to study the 
effect of folic acid on both of these diseases 
which are characterized b3’ a macroordic 
anemia. 

In addition to gixmg some of the results, 
the methods of approach are also outlined 
in full, including the routine of handling the 
patients. The main conclusions are: (I) 
Foh'c acid (pteroylglutamic acid) is vei3' 
effective in treating nutritional macroc3’tic 
anemia, sprue, the anemia of pellagra and 
the macroc3iic anpmia of pregnanes'. (2) 
Folic acid is very beneficial in the treatment 
of pernicious anemia and will correct the 
blood d3'scrasia, but the neurologic' signs, 
which frequent^' occur in pernicious anemia, 
were not prevented or cured. In this respect 
folic acid is not so beneficial as liver extract. 
(3) The dail3’ dose of folic acid, either par- 
enterall3' or orall3' is 10 to 20 mg. J- J- 


Dr. S.xxiuEL Guthrie, Discoverer of 
Chloroforh. By J. R. Pawlikg, M.D. 
Pp. 122; 26 His. Watertown, N. Y.: 
Brewster Press, 1947. Price, $3.50. 

This is the story of a ph3'sician who settled 
in upper New York State in 1817, erected 
a gun-powder null, a distillery, a chemical 
laboratory; manufactured gunpowder, and 


Therafeutic Exercise. B3' F. H. Ewer- 
hardt, M.D., and Gertrude F. Rmnix, 
B.S.R.N., R.P.T. Pp. 152. Phila.: Les 
& Febiger, 1947. Price, $2.50. 

This concise manual, with its clear defi- 
nitions, will be useful to all those who work 
in the Orthopedic field. Joint motion graphs 
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and notations on methods of muscle testings 
aid in presenting a clear picture of muscle 
participation in joint movements. There is 
a good chapter explaining muscle contrac- 
tion with the effect of artificial stimuli by 
various agents. Applicable treatment and 
exercise for weak lower back, abdominal 
muscle weakness and flat feet are considered. 
Treatment for various diseases of the heart, 
hemiplegia, injuries to the seventh nerve, 
arthritis, tabes dorsalis and respiratory 
cases are other things touched upon. The 
causes and treatments of poliomyelitis are 
discussed 'at length, with indications for 
administration of hot packs, together with 
an evaluation of muscle spasm. Muscle re- 
education in pohomyelitis is emphasized as 
the chief part of the treatment, A valuable 
study of the spastic child not only includes 
clinical findings but a well-rounded program 
for medical treatment including Physiother- 
apy and Occupational Therapy, This book 
is a comprehensive presentation; however, 
it would be interesting and valuable to have 
had more of the Occupational Therapist’s 
point of view on many items of treatment. 

V. C. 


Genetics, Medicine, and Man, By H, J. 
Mulijer, Indiana University, and C. C. 
Little, Eoscoe B. Jackson Memorial 
Laboratory, and H. Snyder, Ohio State 
Univ. Pp, 168; 29 figs. Ithaca, N. Y,; 
Cornell Univ. Press, 1947. Price, $2.25. 
In language easily understood, the chap- 
ters on Genetic Fundamentals discuss the 
present-day concepts of the principles of 
Iieredity, of the relation of the gene to the 
organism, to sexual reproduction, and the 
“causes that have led to its ascendencj' 
among higher living things,” Sections on 
Parental Influence and Growth and Indi- 
\iduahty deal nith the recognized parenteral 
factors that may affect the offspring biologi- 
cally. Due credit is given to the knowledge 
gained through controlled experiments on 
laboratory mammals. 

It is shoum how Human Heredity and the 
hlutant Genc in hlan have now sufficients 
entered the realm of scientific knowledge so 
that sound advice may be given toward the 
prevention of disease and the sohung of 
some medico-legal problems. Concerning 
the Rh blood tj'pes, the authors state that 
recent investigations “have indicated that 
the lack of oxj-gen caused by the destruction 


of the embryo’s erythrocytes may cause 
mental deficiency” and add: “It would 
seem to be a wise precaution for everj^ woman 
entering upon marriage to consult her physi- 
cian jn regard to her Rh type of blood.” 

Another interesting observation cited is 
that through the study of electroencephalo- 
grams, Lennox and his associates have found 
that 1 or both parents of an epileptic usually 
shows cerebral dysrhythmia, if not epilepsy. 
The existence of such recordings may make 
it possible to determine whether or not nor- 
mal persons of an epileptic family can trans- 
mit the underlying gene. Many other com- 
plex hereditary and environmental influences 
receive careful scientific consideration in this 
small book. N. Y. 


An Introduction to Bacteriological 
Chemistry. By C. G. Anderson, Ph.D., 
■Wellcome Physiological Research Labora- 
tories, Beckenham, Kent, England, 2nd 
ed. Pp. 500; 34 tables; 11 figs. Baltimore: 
Williams & Wilkins, 1946. Price, $5,00. 
The 1st edition of this book, which was 
well received, has been improved by the 
inclusion of chapters on Antibiotics and 
Growth Factors. By the addition to chapter 
endings of references to reviews and mono- 
graphs its usefulness has been enhanced. 

In early texts on bacteriology one often 
found a discussion of the question of the 
plant and animal nature of bacteria. It 
was thought, when the chemistry of nucleic 
acids was being studied and the plant nucleic 
acids were supposed to be different from ani- 
mal nucleic acids, that a knowledge of the 
bacterial nucleic acids would aid in distin- 
guishing the plant or animal characteristics 
of bacteria. Again the early question of the 
presence of nuclei in bacterial cells was also 
to be solved by studying the nucleic acids, 
which were the characteristic constituents 
of the nucleus. Since 1936, however, both 
of these expectations were frustrated when 
Casperson showed that nucleic acids were 
found in both the nucleus and cjdoplasm, 
and others have found that both tjqies of 
nucleic acids are found in the same cell. 
In fact, in the liver more than 3 times the 
quantity of the so-called plant 15116 than 
of the animal tjqie has been reported. 

It is disappointing to find that the author 
on page 332 describes the nucleic acids as 
being made up of nucleotides of “2 main 
i^Ties (a) those derived from j-easts and 
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plants and (6) those derived from animals." 
Although some of his latter references refer 
to “animal or desoxyribonucleic acid” and 
“plant or ribonucleic acid," no mention is 
made of the present-day knowledge that 
both tjrpes do occur in the same animal cell. 
Again, on page 60, one finds it difficult to 
understand the meaning of “on hydrolysis 
those (nucleoproteins) of the tubercle bacil- 
lus give a mixture of the primidine and 
purine types of nucleic acid, but those of 
most other bacteria give the purine type 
only." Such a division of nucleic acids is 
unknovTi so far as one can find in the most 
authoritative sources. J. S. 


A History of Scientific English. The 
Story of its Evolution Based on a Stud}^ 
of Biomedical TerminologjL By Edmund 
Andrews, M.D. Pp. 342; 18 figs. New 
York; Richard R. Smith, 1947. Price, 
S7.50. 

Scientists, and particularly American 
scientists, are often reproached, and vuth 
some justice, for the imperfections of form 
in which their scientific presentations are 
couched. At the basis of manj’- of the bar- 
barisms, or obscure or even misleading state- 
ments, is an ignorance of the true meanings 
of the words used, which naturally links 
itself vdth inability to express shades of exact 
meaning so important in scientific writing. 
For all such vTiters, this book, the last work 
of a brilliant surgeon and philologist who 
died when onty 48 years old, can be a verit- 
able vade meciim, pron'ding a wealth of 
practical information and manj’- e.xplanations 
of the evolution of scientific nomenclature. 
For some it will go much further, stimulating 
an interest in words, their derivations and 
their meanings that may constitute a per- 
manent intellectual satisfaction. 

E. K. 


NEW BOOKS 

Cornell Conferences on Therapy. Vol. II. 
Edited by Harry Gold, M.D., el al. 
Pp. 354. New York: The IMacmillan Co., 
1947. Price, S3.75. 

A Ncnro-Vascidar Syndrome Related to 
Vitamin Dcficicnaj. By Hendrik Smit- 
SKAMp. Pp. 114. Amsterdam: Scheltema 
& Holkema, 1947. No price given. 


Zeitschrifl fur Vitamin-, Hormon- und Fer- 
mcntforschung. Von Emil Abdbrhalden. 
I Band, Heft 1 und 2. Pp. 215. Wien: 
Urban & Schwarzenberg; New York: 
Grune & Stratton, 1947. Price, S20.00 a 
year. 

History of Medicine. By Cecilia C. jMet- 
tler, Ph.D., Late Ass’t Prof, of Medical 
History, Univ. of Georgia. Pp. 1215; 16 
ills. Philadelphia: Blakiston, 1947. Price, 
88.50. 

George Crile, an Antabiography. Edited by 
Grace Chile. In 2 vols. Pp. 624; 22 ills. 
Philadelphia; J. B. Lippincott, 1947. 
Price, 810.00. 

The Thematic Apperception Test. By Silvan 
S. Tojikins, Ph.D. With the Collabora- 
tion of Elizabeth J. Tomkins, BA. 
Pp. 297. New York; Grune & Stratton, 
1947. Price, 85.00. 

Conference on Metabolic Aspects of Convales- 
cence. Edited by Edward C. Reifen- 
STEIN, Jr., M.D. Transactions of the 13th 
and 14th Meetings. Pp. 232 and 190; 67 
and 78 figs. New York; Josiah Macy, Jr. 
Foundation, 1947. Price, 82.00 a copy. 
Neutron Effects on Animals. By the Staff 
OF THE Biochemical Research Founda- 
tion, Newark, Delaware, Ellice McDon- 
ald, M.D., Director. Pp. 198; 29 ills. 
Baltimore: Williams & Wilkins, 1947. 
Price, 83.00. 

Dr. Kirkbride and His Mental Hospital. By 
Earl D. Bond, M.D. Pp. 162; 7 ills. 
Philadelphia; J. B. Lippincott, 1947. 
Price, 83.50. 

The Practical Nurse. By Dorothy Dejung, 
R.N., Consultant in Public Health Nurs- 
ing. Pp. 370. New York; The Common- 
wealth Fund, 1947. Price, 83.00. 
Spezifische Typhustherapie. Von Dozent 
Dr. Ferdinand Nagl und Dr. Osk^ 
Lachnbr. Pp. 63; 32 figs. Wien: Wilhelm 
Maudrich; New York: Grune & Stratton, 
1947. Price, 82.20. 

Osleophthisis Pelvis et Femorum. Von Dn. 
Gottfried Hartmann. Pp. 183; 19 ills. 
Wien: Wilhelm Maudrich; New^York. 
Grime & Stratton, 1947. Price, 85.00. 

Ear, Nose and Throat. Bj' George D. Wolf. 
M.D., Ass’t Clinical Prof, of Otohrj-ngol- 
ogj'. New York Medical College. Pp. 623, 
149 ills., 25 with color. Philadelphia- 
J. B. Lippincott, 1947. Price, 810.00. 
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The Metropolitan Life. By Marquis James: 
Pp. 480 ; 33 ills. New York: The Viking 
Press, 1947. Price, $5.00. 

Essentials of Pharmacology. By Frances 
K. OuDHAM, M.Sc., Ph.D., F. E. Kelsey, 
Ph.D., and E. M. K. Geiling, Ph.D., 
M.D., Distinguished Service Professor and 
Chairman of the Department of Pharma- 
cology, the Univ. of Chicago. Pp. 440; 
5 ills. Philadelphia: J. B. Lippincott, 
1947. Price, $5.00. 

This volume presents an adequate outline 
of pharmacology, including discussion of numer- 
ous agents quite recently introduced. The 
reader who seeks a more complete description 
of drug action or an examination of the basic 
physiology and biochemistry of rational therapy 
is, however, likely to be disappointed. It should 
make a useful textbook for nurses, dental 
students, pharmacists and others who desire 
an accurate and up-to-date bird’s-eye view of 
pharmacology. S. K. 

A Concise Comparative Anatomy. By Wil- 
liam Henry Atwood. Pp. 413; 303 iUs. 
St. Louis, Mo.: C. V, Mosby, 1947. Price, 
S3.75. 

Stereoscopic Atlas of Neuroanatomy. By H. S. 
Rubinstein, M.D., Ph.D., Director, Al- 
fred IJllman Laboratory for Neuro- 
ps 3 ’’chiatric Research, Baltimore, and 
C, L. Davis, M.D., Prof, of Anatomj’’, 
Univ. of Maiyland. Pp. 20; 43 ills. New 
York: Grune & Stratton, 1947. Price, 
$ 10 . 00 . 

Beitrage zur Kenntnis der Blutgerinnung. 
Von W. K. Rieben. Pp. 96; 26 ills. Basel: 
Benno Schwabe & Co., 1947. Price, 
Geb. fr., 9, 

Hodgkin’s Disease and Allied Disorders. Bt”^ 
Henry Jackson, Jr., M.D., Ass’t Prof, 
of Medicine, Hansard Medical School, and 
Frederic. Parker, Jr., M.D., Assoc. 
Prof, of Pathologj’’, Harvard Medical 
School. Pp. 177; 14 plates. New York: 
Oxford Universit.y Press, 1947. Price, 
$6.50. 

Endogcucous Endocrinothcrapy Including the 
Causal Cure of Cancer Compendium. Bj' 
Dr. Jules Samuels. Pp. 539. Amster- 
dam, Holland: Holdert & Co., 1947. No 
price given. 

Diagnosis in Daily Practice. By Benj.\min 
V. White, M.D., Ass’t Clinical Prof, of 
Medicine, Yale Univ., and Charles F, 
Geschickter, iil.D., Prof, of Pathologj*, 
GeorgetovTi Univ. Pp. 693; 360 ills. 
Philadelphia and London: ,1. B. Lippin- 
cott, 1947. Price, $15.00. 


Fundamentals of Nexirology. By Ernest 
Gardner, M.D., Ass’t Prof, of Anatomy, 
Wayne Univ,, Detroit. Pp. 336; 133 ills. 
Philadelphia and London : W. B. Saunders, 
1947. Price, $4.75. 

Any book wdiich attempts to clarify for the 
beginner the mysteries of the nervous system 
must be approached w'ith anticipation and wel- 
come. No task could be more difficult or require 
more courage. It is ine^dtable that some sub- 
jects be sacrificed to tlie importance of otliers. 
Gardner has performed a useful task in this 
little volume. He approaches his subject from 
a somewhat different angle than others who 
have written on similar subjects. The book 

. covers the subject quite adequately and can be 
recommended for medical students and all those 
who seek an authoritative background in 
neurology. B A. 

NEW EDITIONS 

Diagnostic Bacteriology. By Isabelle Gil- 
bert ScHAUB, A.B., and M. Kathleen 
Foley, A.B. 3d ed. Pp. 532. St. Louis: 
C. V. Mosby, 1947. Price, $4.50. 

A Textbook of Bacteriology. By ThuR-Man 

B. Rice, A.M., M.D., Prof, of Bacteri- 
ologj’’, Indiana Univ. 4th ed. Pp. 603; 
126 ills. Philadelphia and London: W. B. 
Saunders, 1947. Price, $6.50, 

Pharmaceutical Arithmetic. By Ignatius J. 
Bellafiore, Ass’t Prof, of Pharmacy, 
St. John’s Univ. College of Pharmacy, 
Brookljm. 2d ed. Pp, 395. St. Louis: 

C. V. Mosby, 1947. Price, $3.75. 

Penicillin Therapy. By J. R. Goyal. 2d ed. 
Pp. 177. Delhi, India: Medical Retnew 
of Reviews, 1947. No price given. 

Physical Medicine in General Practice. Bj* 
Willlam Bierman, M.D. With a Chapter 
on Medical Rehabilitation bj* Sidney 
Lieht,_ M.D. 2d ed. Pp. 686; 310 ills. 
New York: Paul B. Hoeber, 1947. Price, 
.$ 8 . 00 . 

Textbook of Zoology. Bj' George Edwin 
Potter, Ph.D., Prof.'of Zoologj', Agri- 
cultural and Mechanical College of Texas. 
2d ed. Pp. 948; 445 figs. St. Louis: C. V. 
Mosby, 1947. Price, $5.00. 

This edition includes revision of several chap- 
ters and a new section on Mammalian Develop- 
ment. It represents a combination of tj^pe 
material (5SS pages) with chapters on Regenera- 
tion, Parasitism, Comparative Embrv'ologj*, 
Biological Effects of Radiation, ci cetera., 
written by specialists. A glossary, bibliographv 
and cxceptionalb* clear illustrations directly 
labelled add much to the value of the book. 

A TT- 
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Practical Clinical Psychiatry. By Edward A. 
Stbeckbr, M.D., Franklin G. Ebadgh, 
M.D., and Jack R. Ewalt, M.D. Witli 
Section on Psychopathologic Problems of 
Childhood. By Leo Kanntbr, M.D. 6tli 
ed. Pp. 476; 35 ills. Philadelphia; Blak- 
iston, 1947. Price, S5.00. 

In this sixth edition, a psyoliiatrio textbook 
record, new chapters will be found on Traumatic 
Reactions, Psychosomatic Medicine and Patho- 
logical Drinking. Earlier chapters are rewritten 
under the heading Personality Development. 
Such changes leave this the best single book on 
psychiatry for the medical student and the 
general physician, and a reference source for 
the psychiatrist. E. B. ' 

.471 Atlas of Anatomy. By J. C. Boileau 
Grant, M.C., M.B., Ch.B., F.R.C.S. 
(Edin.), Prof, of Ajiatonij’’, Univ. of 
Toronto. 2d ed. Pp. 496; 591 iUs. Balti- 
more: Williams & Wilkins, 1947. Price, 
•SIO.OO. 

Recent Advances in Medicine. By G. E. 
Beaotiont, D.M., r.R.C.P., D.P.H.. 
(Bond.), Physician to the Middlesex Hos- 
pital, etc., and E. C. Dodds, M.V.O., 
M.D., F.R.C.P., F.R.I.C., F.R.S. (Edin.), 
Prof, of Biochemistry, Univ. of Loudon, 
etc, 12th ed. Pp. 422, 42 ills. Philadel- 
phia: Blakiston, 1947. Price, S6.00. 

The subject matter is lairlj’' complete and 
presented clearly and concisely. Adequate 
emphasis is placed on physiological and bio- 
logical principles, but theoretical discussion is 
largely avoided. This book is recommended for 
those practitioners who have not had oppor- 
tunity for recent post-graduate studj-. A good 
bibliography is given at the end of each chapter 

R. K. 


Artificial Pneumothorax in Pulmonary Tuher- 
cidosis. By T. G. Heaton, M.B., Chest 
Clinician, Toronto Western Hospital. 2d 
ed. Pp. 292. Toronto; The Macmillan 
Co., 1947. Price, $4.50. 

Illustrations of Regional Anatomy. By E. B. 
Jamieson, M.D., Senior Demonstrator 
and Lecturer Emeritus, Anatomy Depart- 
ment, Univ. of Edinburgh. 7th ed. 320 
Ills. Baltimore and London: Williams & 
Wilkins, 1947. Price, $20.00. 

This series consists of a 7 volume atlas com- 
posed solelj' of illustrations without accompany- 
ing text. Each volume takes up a major region 
of the body such as thorax, abdomen, lover 
extremity, el cetera, picturing all systems in the 
given region. The illustrations are well done. 
They are printed on glossy paper, are attrac- 
tively colored, and are simple and clear. Un- 
necessary detail is omitted. This set should be 
useful to the student of surgery and as a -labor- 
atory manual at the dissecting table. A. R. 

Fundamentals of Clinical Neurology. By 
H. Houston Merritt, M.D., Fred A. 
Mettler, M.D., and Tract Jackson 
Putnam, M.D. Pp. 289; 96 ills. Philadel- 
phia: Blakiston, 1947. Price, S6.00. 

The three authors contribute clinical, ana- 
tomical and physiological sections. It has the 
advantage of some of the beautiful illustrations 
taken from Dr. Mettlcr's larger N’earoanatotny. 
The plan of the book is a succinct review of 
applied anatomy and physiology and the briefest 
discussion of clinical disorders. It should serve 
as an admirable introduction to students and 
as a review for more experienced practitioners. 
One might suggest that a somewhat clearer 
distinction be made between the physiology 
that has been worked out upon animals and 
that upon man. Tlie book should serve as an 
admirable outline for teaching. G. G. 
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To determine the efficacy and advisa- 
bilitj'^ of prolonged medical treatment of 
thyroid overactivity, all hyperthyroid pa- 
tients seen by the Metabolism Department 
of the New Haven Hospital and Dispens- 
ary during the past 3 years have been 
given thiourea, usually together with 
strong solution of iodine. This antithyroid 
drug was used because initial trials indi- 
cated that it is not only at least as effective 
as thiouracil but also less to.xic.^'- Tlie 
results of this treatment analyzed in this 
paper and compared with those obtained 
with other tlierapeutic measures indicate 
that control of hyperthyroidism is pos- 
sible for long periods of time in most 
patients. 

Materials and Methods, Of 1 IS patients 
studied, the average age was 45.4 years. 
More than four-fifths of the patients were 


between 20 and 60 years of age. The oldest 
patient treated was 79 and the youngest 16.. 
Females outnumbered males 4 to 1. 

Tlie diagnosis of h 3 ’^perthyroidism was 
based on the clinical historj' and phj'sical 
findings, the level of the basal metabolic rate 
and the concentration of precipitahle or hor- 
monal iodine in semm. This last measure- 
ment"-” has proved to be a particularly 
sensitive inde.x in the diagnosis of thyroid 
overactivity. In hyperthjToidism the serum 
precipitahle iodine is greater than S gamma 
per 100 cc., and in lij’pothj-roidism less than 
4 gamma per 100 cc.’^ In 16 of the patients 
recurrent h^ypei-th^Toidism followed prcAnous 
thj-roidectomies. An isolated adenoma was 
noted in 7 of the 118 patients of the group. 
In the others the glands were diffuseh* en- 
larged, with or without nodulation. Exoph- 
thalmos or other eye signs such as stare or 
widened palpebral fissures were observ'ed in 
more than a third of the subjects. Auricular 


* .\idcd by nr.nnts from tlic Fluid Re.-e.Trch Funds of Yale University School of Medicine, 
t Formerly Assist.ant Professor of Medicine, Yale School of Medicine. 
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fibrillation replaced the sinus, mechanism, in 
7 instances, and signs of congestive failure, 
f. e., rales with or without edema, were found 
in 12 of the group before treatment. 

The therapeutic regimen with respect to 
the size of the daily dose of thiourea and the 
concomitant use of strong solution of iodine 
was varied at intervals in each patient, so 
that appropriate principles of therapy could 
be evolved. Treatment was limited to thio- 
urea alone in 20 of the patients. The other 
98 were given 5 to 15 drops of strong solu- 
tion of iodine daily prior to, or at the time of, 
administration of thiourea and continued to 
take it throughout the course of treatment. 
The daily intake of thionrea ranged between 
280 and 15 mg. but remained constant in 
any particular patient during periods of at 
least 6 weeks. In most patients, however, 
the dosage of the drug was reduced following 
the appearance of remission. During the 
first few weeks of therap 3 ', and thereafter 
as necessary, the clinical states of the patients 
were checked at intervals with e.vaminations 
of the urine, the formed elements of the 
blood, and measurements of the basal meta- 
bolic rate and serum precipitable iodine. 

Of the 118 patients who were started on a 
medical regimen to control thjTOid over- 
actiiut}'', 11 have been treated for 2 years or 
longer, 46 for 1 to 2 j^ears and 32 others for 
6 to 12 months. Twenty-nine subjects have 
received thiourea for less than * j^ear. These 
29 are not included in summarizing the 
results on the 89 patients followed during 
periods of 6 months to more than 2 j'ears. 

Eighteen of the original US patients are 
no longer under observation ;T2 voluntarity 


stopped treatment; 3 moved be 3 'ond com- 
muting distance; 3 died during the course of 
treatment. Patient B54264, a 42 year old 
female, died of malnutrition secondarj' to 
h3T3erth3T0idism which responded initially 
to treatment and relapsed when the patient 
decreased and discontinued the intake of 
drugs. The other 2 patients, B34401 and 
PC2473, died of ulcerative colitis and pul- 
monary infarction respectively. The remain- 
ing 100 patients continue risits at intervals 
of 4 to 12 weeks. 

Results. Effects of Thiourea Adviinis- 
iration. The response to therapy has on 
the whole been satisfactory-. From Table 1 
which contains data on 89 cases treated 
6 months or longer, it is evident that the 
progressive weight loss which characterized 
the hy-perthyToid state in 87% of the 
patients was either checked or, more often, 
replaced by^ weight gain. The increase in 
body- weight ranged from 2 to 22.5 kg., 
with 3.5 as the average. The pulse de- 
creased to 90 per minute or lower in all 
but 7% of the patients. The rate before 
treatment in the group as a whole averaged 
94 per minute. The average at 6 or more 
months of treatment was 76 per minute. 
The basal metabolic rate for the group 
was +39 % before treatment and declined 
to less than +20% in 4 out of every 
5 cases treated, vdth an average of +10% 
following medical therapy-. However, 
v-ith a combination of these different cri- 
teria there were 23 patients whose hyper- 


TaBI.E 1. — St.^TUS of S9 HTPEBTHYRom P.\TIENTS BEFORE AND AftER TREATMENT tt ITR 


Thiourea for G Months 

OR Longer 


Before treatment 

After treatment’ 


(% of cases) 

(% of ca'e.«) 

Body weight : 


13 

Constant or increasiiiR 

. 13 

DccrcasinR 

. S7 

17 

Pulse rate: 

GG to 90 per minute 

oG 

93 

91 to 14-1 per minute 

. 44 

7 

Basal mct.alxilic rate: 

Less tlian -f 21^ 

. 10 ■ 

so 

Greater than -r20% 

. 84 

20 

Semm precipitable iotUno: 

I>e^s; than S pamma per 100 cc. . 

0 

r.o 

Greater than 7.9 pamina per lOO cc. 

. 100 

40t 


* .Si.x niontlis or more of troatnicnt. 

t In only 10^ of the Ofi patient.^ wlio-o liypcrlliyroid'D^m ajjpc’arcd to Lc rontrolleo hv thiourea « 
the i-cnim prccipitahle iodines alwve euthyroid IcveE pec "results "J. 
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tliyroidism was only partially controlled 
by thiourea. Two did not follow medica- 
tion faithfully; 15 were on small doses of 
thiourea, only up to 100 mg. daily (4 on 
25 q.d.; 3 on 25 b.i.d.; 7 on 25 t.i.d. and 
1 on 50 mg. b.i.d.). Three had been preg- 
nant, and following delivery regulation of 
thyroid overactivity had to be modified. 
Tln-ee on 70 mg. of thiourea b.i.d. or t.i.d. 
had basal metabolic rates between -f27 
and H-35 %, but their pulses ranged from 
72 only up to 84. Of these, the weight of 
1 was increasing, of 1 was constant and of 
1 was decreasing. 

At the time the diagnosis of hyperthy- 
roidism was made the values of the serum 
precipitable or hormonal iodine ranged 
from 8.1 to 27, averaging 12.7 gamma. 
With treatment the serum precipitable 
iodine decreased toward or to normal in 
83 % of the patients. 

Following 6 or more months of therapy 
with thiourea 53 patients had serum pre- 
cipitable iodines below 8 and 36 serum 
precipitable iodines above 7.9 gamma. 
Only 1 of these iodines above 8 gamma 
is an exception to the rule that euthyroid 
levels of serum iodine occur after control 
of hyperthyroidism with thiourea. Patient 
B36S69 who had been on 210 mg. of 
thiourea and 15 drops of strong solution 
of iodine daily had an iodine of 11 gamma 
in spite of the fact that his basal meta- 
bolic rate was -}-8% and his pulse 66. 
Not too much significance can be attached 
to the iodines above 8 gamma of 4 other 
patients in whom hyperthyroidism seemed 
to be controlled. .411 of them were taking 
only 50 mg. of thiourea and 15 drops of 
strong solution of iodine daily. One had 
had serum precijn'table iodines in the 
euthyroid range when on larger doses of 
thiourea. IVo did not follow precisely 
the jmcscribcd medication. The fourtli 
had improved clinically without reduction 
in basal metabolic rate. Of the 36 patients 
with serum precipitable iodines above 
8 gamma, 23 were those patients Avhose 
hyj)crthyroidism had been only partially 
controlled by thiourea. Six had iodines 
ranging from S to 8.4 gamma, values which 


differ from the euthyroid maximum by 
less than the experimental error of the 
method. Two had stopped thiourea 1 and 
2 months previously. As yet it is too soon 
to know if the increase in serum precipit- 
able iodine represents an exacerbation of 
hyperthyroid symptoms, or a temporary 
rebound after withdrawal of thiourea. 

Clinical improvement in symptoms and 
signs, such as nervousness, palpitation, 
vasomotor phenomena and tremor ac- 
companied the gain in body w^eight, the 
disappearance of tachycardia, and the 
return to normal of the rate of oxygen 
consumption and the level of hormonal 
iodine. 

It is of interest in view' of the frecpjent 
increases in exophthalmos reported after 
thyroidectomy’^ that in no instance was 
there any discernible progression in eye 
signs. Furthermore, in 5 of these patients 
w'ith pronounced and unequal exophthal- 
mos distinct subjective and objective im- 
provement occurred. In 1 of these, serial 
observations w’ere made by an ophthal- 
mologist W’hich revealed regression tow'ard 
normal concomitantly with treatment by 
thiourea and strong solution of iotline.’' 

Congestive failure decreased or disap- 
peared in all 12 psitients in w’hom objective 
findings were present prior to treatment. 
Control of the hyperthyroidism undoubt- 
edly played a role in this improvement 
but this cannot be proven because digitalis 
w'as given as well. Fibrillation persisted, 
however, in all but 1 of the patients. 

In this series of patients no definite 
toxic reactions were observed. Occasional 
patients reportefl anorexia and nausea at 
the start of therapy. This invariably dis- 
appeared, however, following continued 
therapy with the same, or with smaller 
doses of thiourea. In 3 subjects, aged 72, 
70 and 44 respectively, ulcerations ap- 
peared following thrombophlebitis of vari- 
cosities of the lower legs. Since these 
healed in the face of continued medication, 
classification of these developments as 
toxic manifestations seems unwarranted. 
No untoward changes in the formed ele- 
ments of the blood and urinalyses were 
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noted during treatment of IIS patients in 
this group. In a previous report 2 patients 
who developed drug fever shortly after 
beginning thiourea have been noted.* 
These are not included in this report, since 
treatment lasted but a few days. 

Effects of Thiourea Withdrawal. Data 
are available on 8 patients who have been 
observed for 5 to 16 months following a 
course of thiourea which lasted from 6.2 
to 24 months. The current status of these 
patients together vdth data from the ante- 
cedent histor 5 ^ is presented in Table 2. 
At the time the thiourea was stopped the 
body weight had increased in all but 
1 patient, Pe, who voluntarily restricted 
her caloric intake. The highest pulse rate 
after treatment was SO, and the basal 
metabolic rates ranged from —29 to -{-S %. 
The serum precipitable iodine was less 
than 8 gamma per 100 cc. in all members 
of this group. 

Despite vdthdrawal of thiourea body 
Av eight changes, the pulse rate and the 


basal metabolic rate are still vithin euthy- 
roid limits in all 8 patients. The serum 
precipitable iodines, howcA'er, ha^'e again 
risen above 8 gamma in 3 of the 8 subjects 
in whom it has been measured. To date 
this last change has been accompanied by 
recurrence of clinical symptoms of hyper- 
thyroidism in 1 of these patients, So, 
while the other 2 patients have failed to 
return for their appointments. 

Discussion. These results rwth unselect- 
ed patients indicate that long-term medi- 
cal treatment of hyperthyroidism is quite 
practical in most cases. Within 1 to 2 
months of the start of thiourea therapy, 
preferably supplemented by the adminis- 
tration of strong solution of iodine, the 
patient reports subj’ective improvement. 
This is accompanied by obj'ective ew- 
dences of a decreased level of metabolism 
with a cancellation of body weight losses 
and a disappearance of the tachycardia. 
This favorable clinical response is elicited, 
hoAvever, only Avhen an optimal therapeu- 


Tabi/E 2.— Status of Patient.s 5 to 10 Months Following WiTimnAWAL or Thioubba 



Time from 
start 

Thiourea 

Strong 

solution 

iodine 

Body 

rveight 

Pulse 
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BMR 

Serum 
precipUftblc 
iodine 
(ffarnmn per 

Patient 

(mos.) 

(mR. per day) 

(drops per day) 

(kg.) 

(per min.) 

(%) 

300 cc.) 

B59207 

0 
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+ 11 

10.9 


0-20 

280-25 

XV 

57 8 

74 

+ 0 
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20-32 

0 

0 

71 ,0 

88 

— 5 

5 3 

B58332 

0 



53,0 

84 

+ 37 

30 0 
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0 

55 0 
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84 
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0-23 
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0 

66 0 

66 
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0 

0 

05 0 

GO 

- 8 

5 4 

re 

0 



51.1 

08 

+ 23 

11 3 

0-17 

70 

XV 

48 1 

SO 

- 5 

7 0 

B70975 

17-33 

0 

0 

xv^ 

GO 3 

SO 

+ 12 

+54 

11 G 

5 G 

0-7.2 

210 

0 

66. 1 

50 

+ 8 


7.S-19.7 

0 

0 

64. 7 

70 

+ 6 

4 G 

So 

0 



65.0 

98 

+ 30 

n 1 

0-C.2 

210 -.35 

XV 

TO 0 

04 

— 28 

3 2 

12 3 


0.2-17.2 

0 

XV 

07 9 

78 

+ 10 

A10705 

0 



59 2 

84 

+31 

12 0 
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b 

80 3 

00 
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0 
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82 9 

50 
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tic regimen is employed. This must 
include the administration of thiourea in 
effective doses. For most patients this 
has been found to be 75 to 210 mg. daily.’® 
The elinical response to these amounts of 
thiourea is enhanced by the concomitant 
use of strong solution of iodine. Not onlj" 
does it accelerate the onset of the remis- 
sion, but it also increases the magnitude 
of the response.^ This is true even though 
iodine solution has been given prior to 
the start of thiourea. This action of iodine 
continues during prolonged treatment, 
since its withdrawal often produces an 
exacerbation in previously controlled hy- 
perthyroidism, despite a continued intake 
of thiourea.- These additive effects of 
thiourea and iodine solution have been 
amply demonstrated in control studies 
and may be attributed to the capacity of 
iodine solution to act directly on the thy- 
roid gland, inducing a resting phase and 
at the same time blocldng thyrotropic 
hormone which increases thyroid activ- 
ity.’® These 2 actions tend to decrease 
thyroid oversecretion and do not inhibit 
thiourea and related compounds from 
blocking the conversion of diiodotyrosine 
and thyroxine to thyroid hormone. The 
impression, held at first, that iodine inter- 
fered, was based in part on sporadic cases 
which would have responded poorly under 
any circumstances, and in part on clinical 
experiences in which the iodine solution 
was discontinued at tlie time the antithy- 
roid drug was started.® 

The ideal therapeutic program should 
also include adjustments in the dose of 
thiourea once the hyperthyroidism has 
l)een brought under control. Otherwise 
the continued administration of the drug 
in the amounts initially used to induce a 
remission may result in hypothyroidism 
or myxedema. This can be pre^■ented or 
corrected by reducing the intake to as 
low as 50 or 25 mg. daily or by adding 
desiccated thyroid, 0.03 gm. or more, to 
the therapeutic regimen.®-'® The first ad- 
justment is to be preferred, sitice it 
minimizes the inimber of medications and 


the amount of thiourea taken by the 
patient. 

The importance of an optimal therapeu- 
tic regimen is emphasized by the results 
in this group of patients. Failure of the 
basal metabolic rate to decrease to nor- 
mal in approximately one-fifth of the 
patients, for example, is to be ascribed 
to an inadequate therapeutic regimen in 
all but 1 instance. Thus 7 of the patients 
were started on an intake of 15 to 60 
and 2 others on 75 mg. of thiourea daily, 
amounts which, it is now known, fre- 
quently prove inadequate. In 3 patients 
the maintenance dose was reduced to 
15 mg. which has since been shown to be 
insufficient. In the 1 patient who received 
an adequate intake of thiourea, 210 mg. 
daily, strong solution of iodine was udth- 
held. There is no reason to assume that 
with therapy closer to optimum these 
patients would not have responded satis- 
factorily. This point of view is supported 
by the observation that despite inadequate 
therapy the basal metabolic rate declined 
toward normal in most of these patients. 
In the group in which a partial return of 
the basal metabolic rate occurred the aver- 
age ^•alue before treatment was -1-50%, 
and -1-29% after therapy. The presence 
of a certain number of such cases with 
an incomplete or absent response is ap- 
parent in retrospect, since in the experi- 
mental plan designed to elucidate certain 
principles of treatment patients were 
placed on regimen which now appear to 
l)e not entirely adequate. It is quite 
likely that strict adherence to the thera- 
peutic principles which have since been 
established would have yielded more sat- 
isfactory results. 

Other factors may, however, be opera- 
tive as well in preventing an adequate 
clinical re.sponse. In the group which 
continued to lose weight, persistent thy- 
roid o^•cracti^^ty was evident in only one- 
half of the patients. In these treatment 
was unsuccessful either because the pre- 
scribed regimen was inadequate or, less 
often, because the patient failed to follow 
instruction. In the remainder the weight 
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loss resulted from other causes. Ulcera- 
tive colitis was present, for example, in 
1 patient, 3 patients lost weight following 
normal pregnancies and deliveries, and 3 
voluntarilj^ restricted their intake of food. 
This interpretation is supported by the 
associated findings of a decrease in clinical 
symptoms and signs as well as in the basal 
metabolic and pulse rates. 

The finding of precipitable iodine values 
greater than 8 gamma per 100 cc. in 
patients several months after they have 
been taken off thiourea suggests that some 
measure of thyroid overactivity still exists. 
In 1 patient adequately followed this was 
associated with clinical evidences of a 
recurrence of hyperthjToidism. The sig- 
nificance of the rise in serum precipitable 
iodine of 2 other patients without simul- 
taneous definite signs of hypermetabolism 
is as yet undetermined. Several possi- 
bilities exist. The original disease may 
still be present in an attenuated form 
detectable only by a sensitive test such as 
the serum precipitable iodine. On the 
otlier hand the dissociation may merely 
be a lag phenomenon, and ■ndth time clini- 
cal and other laboratory e\ndence of m- 
creased metabolism may appear in these 
patients. The question as to the probabil- 
ity of an ultimate cure of hyperthyroidism 
by prolonged medical treatment remains 
unsettled. 

That the measurement of serum precip- 
itable iodine is an extremely sensitive test 
of hyperthyroidism is exemplified in a de- 
tailed study of the patients. The patients 
in Table 1 after treatment frequently 
responded poorly with respect to only 1 of 
the 3 criteria, weight change, pulse rate or 
basal metabolic rate, A’et in addition the 
scrum precipitable iodine remained above 
S gamma per 100 cc. That is why the 
percentage of cases wth iodines above 
8 gamma is approximately equal to the 
sum of the percentages of cases without 
satisfactory weight gain, reduction in pulse 
rate and decrease in basal metabolic rate. 

Omission of io line solution in prolonged 
treatment may increa,«e the possibility of 
a })crmanent remission or cure. Since 


only 13 of the 89 patients were not given 
iodine solution, no conclusion can be 
draATO. HoAvever, of the 8 patients listed 
in Table 2 Avhose hypertliAToid symptoms 
had abated sufficiently to permit intii- 
drawal of thiourea medication, .5 had not 
been given iodine solution. The patient, 
So, in whom hyperthyroid symptoms re- 
curred to a degree that she returned to 
thiourea medication, was 1 of the patients 
Avho had been treated prcAnousIy with 
both strong solution of iodine and thiourea. 

There are advantages and disadvantages 
inherent in any type of treatment for 
hj'perthjToidism, AA'hether it be medica- 
tion vdth antithjToid compounds, surgical 
removal of the gland, or irradiation of 
the gland directly or by the administra- 
tion of radioactive iodine. The problems 
of the indiAndual patient may be of con- 
siderable help in making this decision. -A 
medical regimen is undoubtedly the treat- 
ment of choice for elderly patients, for 
those with heart disease, with e.vophtlial- 
mos or AAnth hyperthyroidism recurring 
after thyroidectomy. Possibility of anes- 
thetic or operative death, recurrent laryn- 
geal nerve injury, progression of exoph- 
thalmos or hyperparathyroid tetany are 
all eliminated. Statistics indicate that 
these risks are by no means inconsiderable. 
The mortality associated with thyroid 
surgery, for example, ranges up to 3%* 
and is undoubtedly higher in smaller 
clinics. Injuries to the nerve suppl.v of 
the vocal cords are h\' no means rare. 
Exophthalmos is reported to progress 
following thxToidectomy in more than 
one-half of the patients Avith toxic diffuse 
goiters.'’ Hypoparathyroid tetany is a 
definite risk in patients subjected to thy- 
roid ablation. ^loreoA'cr, both recurrence 
of hyperthyroidism (13 to 2.5% of cases) 
and postoperatiA'e my.xcdema are not 
infrequent sequelhe of thyroidectomy.*’’' 
Radioactive iodine therapy of hyperth.'- 
roidism aaIII, of course, obA’iate most of 


the risks inherent in surgical treatment 
of hyperthyroidism. It may Avell create 
new problems. The questions as to 
AA’hether the course of renal flisea.se will 
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be accelerated by passage of the radio- 
active isotope through the glomeruli and 
tubules, and whether irradiation of the 
thyroid gland will predispose to neoplasia 
are as yet unanswered. 

Disadvantages often cited in criticism 
of medical control of hypothyroidism 
apply also to other methods of treating 
thyroid overactivit3^ The patient’s co- 
operation is necessarj^ and interval visits 
for check-ups over long periods of time 
must be continued, whether medical treat- 
ment or surgical intervention has been 
selected. If either treatment is improperlj^ 
conducted, myxedema or exacerbations 
will develop. Medical treatment does 
fail to relieve pressure symptoms and 
deformities. Also, it is not entirelj'- 
benign. Reactions to thiourea in our own 
series have been limited to occasional 
gastro-intestinal distress and to drug fever 
in 2 patients. With much larger amounts 
of this drug, since shown to be unneces- 
sary, other untoward effects have been 


reported. On the whole, however, thio- 
urea has proven to be less toxic than 
thiouracil.^’^^ Other compounds such as 
propyl-thiouracil may, however, prove to 
be as efficacious and non-toxic as thiourea. 
The principles established for the use of 
thiourea should be applicable to other 
goitrogenic substances, since thej^ are 
based on the fundamental phj^siolog}" of 
the thjToid. 

Summary and Conclusions. 1. One 
hundred and eighteen patients with hj’^per- 
thyroidism have been treated with thio- 
urea, usuallj' supplemented b,v strong 
solution of iodine. Of these, 89 were 
followed for periods of 6 months to more 
than 2 years. 

2. Tl^yroid overactivity can be con- 
trolled for long periods by these means 
with a minimal incidence of toxdc reac- 
tions. In a small proportion of patients 
the hyperthjToidism seems to have dis- 
appeared. 


The authors are grateful to Mrs. Caro C. Voltz, R.N., and Miss Margaret M. Fallon, R.N., for assist- 
ance in the care of tliese patients. 
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Rutin has recently been introduced into 
the physicians’ armamentarium for the 
treatment of hemorrhagic states mani- 
fested by increased capillary fragility. 
Rutin, as used today, is a flavonal gluco- 
side isolated from the early blossoming 
leaves of the buckwheat plant.® It was 
originally discovered in buckwheat in 1860 
and has also been obtained from tobacco 
leaf and rice herbs. 

Several clinical reports have appeared 
concerning successful therapeutic results 
when the drug is used in dail^i' doses of 60 
to ISO mg. and no toxic effects have been 
reported with the purified drug regardless 
of the dosage. Griffith and his co-work- 
QPgi5,ie.!7 found an increased capillary fra- 
gility among hypertensive patients by 
means of the positive pressure test of 
Gothlin. They reported that with rutin 
therapy the fragility became normal in 
7.5 % of these patients. Shanno^' has found 
rutin to be of definite value in preventing 
the increased capillary fragility associated 
with thiocianate therapy for hypertension. 
Kushlan-’ has reported the successful use 
of rutin in arresting hemorrhage in a case 
of hereditary telangiectasia and Lindauer^"' 
in cases of idiopathic pulmonary hemor- 
rhage. Good results in the treatment of 
increased capillary fragility in hyperten- 
sive patients was also reported by Zfas.s'*'' 
who found that larger doses were needed 


in some patients in order to obtain the 
desired results. Recently, however, iMc- 
Manus and Landrigan®“ claimed to have 
found no effect of rutin on the increased 
capillary fragility of 10 patients after 
1 month of therapy. 

It should be pointed out that most of 
these studies with rutin Jiave olisen’ed its 
effects on increased capillary fragility in 
relatively few diseases. Since decreased 
resistance of capillaries is not confined to 
a single disease, a brief discussion of the 
various factors involved in capillary fragil- 
ity may be considered. 

The General Proble.’^i of Capill.arv 
Fragility. There are many observations 
concerning the association of increased 
capillary fragility with \'arious disea.scs 
unrelated to thrombocytopenia; these date 
back many years to Rumpel's’’® observa- 
tions of increased capillary fragility in 
.scarlet fever in 1909, and Lccdc’s®'’ con- 
firmation 2 vears later. It has been 
observed in .s«,rvy,‘"'''‘=-»-‘® allergy 
in children,-’’® numerous skin diseases,"-” 
tuberculosis in children,"' wirious (o.vicand 
poison states,-'® hypertension,'®-’'’-''-^' rht'"- 
matic fever, diabetes mcllitus,-’’'®’-” rhon- 
matoid arthritis,^' and newborn infants.® 

It is not surprising, then, to leani that 
different puthoiogir mechanisms are found 
in fh’ffercnt cases with increased capillar' 
fragility. In a recent review. Peck and 


* Tho nitin u-ocl in iiivo'^ticntion hUpplio^I by tho Upjohn nnd 0)mprin(t~ 

f Formerly FfHow in Me<licinc. I^nc Ihinnd CoIicKf of 
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Copley^'* have classified these as due to; 
(a) rupture of a blood-vessel, (b) pei- 
foration of a blood vessel (corrosive or 
ulcerative), and (c) diapedesis through 
the unruptured, non-perforated wall of a 
blood-vessel. There is also evidence that 
various types of physiologic alterations 
may be the bases for these different patho- 
logic causes. Increased hyaluronidase 
activity may liquefy peri capillary sup- 
porting tissue which is knovm to contain 
hyaluronic acid. Damage to endothelial 
tissue may prevent this tissue from secret- 
ing an interendothelial cement substance 
which has been found to act as a pro- 
tective coating for the endothelium facing 
the lumen. Finally, changes in the elastic 
tissue around the capillaries may elimi- 
nate a cushioning effect that such elastic 
tissues are known to haA’-e and thus facili- 
tate rupture when pressure is applied. 
Because of the several mechanisms respon- 
sible for increased capillary fragility. Peck 
warns that “ the finding that capillary fra- 
gility is counteracted by any one treatment 
must be qualified by the specific conditions 
under which the subject happens to be 
during such treatment.” Also a success- 
ful treatment for capillary fragility occur- 
ring in one disease state may have no 
effect in another disease. 

Numerous tests to determine the state 
of the capillaries have been devised. The 
tests which have been most popularly 
used are; (a) negatin' pressure tests de- 
vised by Hecht*® and subsequently modi- 
fied by numerous investigators (6) 
positive pressure tests based on the Rumpel- 
Lcedc"'''^® test and modified by Gdthlin'--'’' 
and Wright and Lilienfeld;^® (c) puncture 
iests;"^ (ft) Flicking test;-* (e) Snake venom 
test,^-'^ and (/) eonet ntrated saline test-' 
Wrighf*' suggests that tl.e results of any 
test must not be over-inter])reted and that 
a ])os‘.tive test gives no indication as to the 
etiology of the inerea.sed fragility. Tocom- 
iffieate the general j)roblem, tb.e various 
tests, jAurtieularly the negative and positive 
pressure tests, do not neecssarih' correlate,"* 
and so care must be observed in coinjjaring 
the results of dilferent investigators. 


Furthermore, it should be noted that 
results of positiA'^e pressure tests may A^ary 
in the 2 arms of the same indiAudual at 
the same time.*^ 

Retinopathy and Capillary Fragil- 
ity IN Diabetes Mellitus. Using vari- 
ous tests, many Avorkers haA'e found a 
greater incidence of increased capillary 
fragility in diabetics than in non-diabetics. 
Using a positive pressure test, Beaser and 
his co-Avorkers® found a decreased capillary 
resistance in 100% of their diabetic pa- 
tients Avith associated hypertension and in 
54% AA’ithout hypertension; the incidence 
Avas greatest in the 5th and 6th decades. 
Mallery,-® using positiA^e and negatiA^e 
pressure tests, found abnormal capillary 
fragility in 30 of 120 patients AA'ith the 
disease. Other factors, such as Autamin C 
deficiency', prothrombin deficiency and 
thrombocytopenia, AA'ere ruled out as 
causes. Joslin^- reports studies performed 
on 100 patients in his clinic Avith the 
Gothlin technique; increased capillary 
fragility aa'us found in 41. Using capillary 
microscopy, DaA'is® found 4 cases of spon- 
taneous capillary petechia? among 26 
diabetics. 

A close association has been reported 
betAA'een the increased skin capillary fragil- 
ity found by A'arious tests in diabetic- 
patients and diabetic retinopathy. Thus, 
Mallery-® found that in the 30 diabetic 
patients Avith positiA'e skin tests, 24 also 
had retinitis. In a series of 38 patients 
Avith diabetic retinitis the same author 
found 63% to liaA-e Ioav capillary resist- 
ance. Of the 41 aboA'e-mentioned cases 
found by Joslin-- to haA-e increased 
Gothlin indices, 26 had retinitis, 12 A\ere 
liypertensiAes Avithout retinitis and only 
3 AA’ere Avithout hypertension or retinitis. 
WageneH^ reports the studies of Fo.v- 
AA’orthy at the Mayo Clinic using a positive 
pre.ssure method in patients Avithout arter- 
ial hypertension. In a group of 85 non- 
<liabetic patients of A’aryiTig ages, the 
appearance time of the finst petechia Avas 
4.9 minutes, and after 10 minutes the 
uA-erage number of petechi:e in a circle 
the size of a quarter AA’as 14. .\mong 
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69 patients suffering from diabetes, with- 
out retinopathy, the appearance time was 
2.36 minutes and the number of petechife 
was 41. Among 44 diabetics with retin- 
opathy the average petechial appearance 
time was 1.5 minutes and their average 
number was 101. In only 1 of the patients 
with retinitis was there a normal petechial 
appearance time and in 4 was the petechial 
count less than 25. 

Rudy and his co-workers®^ studied 6 
patients with increased capillary fragility 
and associated diabetic retinitis. None of 
these responded to hesperidin (vitamin P) 
therapj’. Foxworthy is reported by Wag- 
eneF® to have noticed no improvement in 
the retinopathy of her patients treated 
with hesperidin, although she noted that 
the skin capillary fragility improved in 
many. 

Method of Study. In this studj' an at- 
tempt was made to determine the effects of • 
rutin on the capillarj" fragility and retin- 
opathy of diabetic patients and to ascertain 
whether any improvement in one was ac- 
companied bj' changes in the other. Twelve 
diabetic patients with diabetic retinal hemor- 
rhages and with markedly increased capillarj' 
fragilit}^ were studied. The former compli- 
cation had been discovered and charted bj’ 
the members of the eye .staff of the hospital. 
The patients were saturated with ascorbic 
acid, 100 mg. t.i.d., for 1 month prior to 
treatment. They were then given rutin, 
20 mg. t.i.d., dailj' for 2 months; the dose 
was increased to 40 mg. t.i.d. for another 
month. Five patients were given ascorbic 
acid, 100 mg., 3 times daily, with the rutin 
during the entire period of studj-. 

Capillary permeability was studied bj’ the 
fluorescein method of Lange®" in 9 of the 
patients. All 9 tested had normal capillarj' 
permeabilitj' as determined bj' this method 
before tro.atmcnt was instituted. For this 
reason additional fluorescein studies were 
discontinued. 

Capillarj- frafdlitj' was determined by the 
positive pre.ssurc test as modified bj' 11 right 
and Lilionfeld.^'' The blood pre.s.sure cuff 
was applied to the upper arm for 1.5 minutes 
at a pressure midwaj" between sj'stolic and 
diastolic prcs.-ures. Two to 4 minute.* after 
the cuff was re!ca.=ed, the number of petechia' 
were counted in a 2.b cm. circle on the flo.vor 


surface of the forearm 4 cm. below the 
crease of the elbow. 

During the 3 months of the study, the 
patients were maintained on adequate diets. 
All e.xcept 1 received insulin, the range of the 
dosage varjdng from 10 to 55 units. Only 2 
of the patients had gtycosuria during the 
period of observation. None reported insu- 
lin hjrpogtycfemic reactions. Throughout 
the period of observation no changes were 
made in the diabetic regimen of anj’ patient 
so that improvement could not be due to 
better diabetic management. 

Each patient had been followed in the 
ophthalmology clinic. One of the authors 
(M. R. C.) reexamined and charted the 
ophthalmoscopic findings at each visit to 
insure a close check-up for anj- retinal 
changes. A disappearance of any of tlie 
previously charted retinal hemorrhages, 
without the advent of new areas, was re- 
corded as an improvement. 

The results of the studj' are summarized 
in Table 1. The age and blood pressure are 
also recorded since these are important 
factors in studies concerning capillarj' 
resistance. 

Results and Comments. After treatment 
marked improvement in skin capillary 
fragilitj- occurred in only 3 of the 12 pa- 
tients, and slight improvement in 1. Thro 
of these 4 liad lij'pertension in wliom the 
blood pressure dropped to normal levels 
Avhile under observation; the other 2 had 
normal blood pressure. 

Punctate hemorrhages of the tj'pe 
associatecl with dialrctes were found in 
23 fundi of the 12 patients at the onset 
of the studj'. After rutin tficrapy for 
3 months, improvement was found in only 
5 of these ej’e-groiinds. Two of tiic 
patients in whom retinal improvement 
occurred did not demonstrate an improve- 
ment in the skin capillarj' fragilitj'. Two 
patients who showed an increase in .skm 
capillarj' resistance <lid not demon.stratc 
nnj’ improvement in the ophthalmo.scopic 
picture. There were onlj- 2 patient.* in 
this series wlio showcfl improvement in 
both the retinal picture and .skin capillarj 
fnigilitj-. lloth of the.se hail hj'pertcnsion 
'whose blood pressure retumef! to normal 
while nufier nh^erviithn. 



Tahle 1, — Re'^uets of C\PiLi.AUY Fragimtv Tests and Ophthalmoscopic Examination of 12 Diabetics Before and After 
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None of the improvement could be 
attributed to better diabetic control; nor 
could it be correlated with the blood 
glucose level, the blood cholesterol, serum 
albumen and globulin le\'els or concomi- 
tant ascorbic acid therapy. Concerning 
the improvement found in the retinal 
picture presented by these patients tiie 
small number showing resorption of the 
hemorrhages is within the amount that 
can be found without rutin therapj' when 
good control of the diabetes is maintained 
in a patient. It must be pointed out that 
whereas increased capillary fragility max- 
play a great role, factors such as severe 
exertion-® or insulin hypoglycremic reac- 
tion^® can precipitate retinal hemorrhages 
in diabetic patients. Factors of this type 
max- be the cause of retinal hemorrhages 
xx-hich disappear after a time, only to 
reappear. Dolger® folloxved 200 younger 
diabetic patients up to 25 years and con- 
cluded that not one escaped retinopathy, 
albuminuria and/or hypertension. He 
found that retinal hemorrhage xvas the 
predominant x-ascular lesion and often 
preceded the appearance of albumen or 
hypertension. These retinal lesions xx-ere 
not alxvays permanent or progressive. A 
recent study of patients xvith diabetic 
retinitis by Schneider ct found marked 
improvement in retinal hemorrhages of 
their patients treated xvith high protein 
diets. 

With all the variaiile factors tiiat might 
lead to improx-ement of diabetic retinitis, 
it is difficult to ascrilie our results to rutin 


therapy. One of our patients (the txvelftli 
in Table 1) xx-ho shoxx-ed some decrease in 
skin capillary fragility after therapy, 
showed a rapid resorption of the hemor- 
rhages in the fundus after 1 month; these 
areas xvere quickly replaced by large exu- 
dates and xx'ithin a short period retinitis 
proliferans dex-eloped. During the period 
on rutin therapy, he had undergone a 
tremendous amount of emotional stress; 
his blood pressure and diabetic control 
had remained excellent. This patient not 
only illustrated that rapid progression of 
retinitis could take place xx-hile under 
rutin therapy, but also demonstrated the 
difficulty of establishing an etiologic agent. 

Conclusions. 1. Txx-elve diabetic pa- 
tients xvith both increased skin capillary 
fragility and retinal hemorrhages xx'cre 
treated xvith rutin for 3 months. 

2. jMarked improvement in skin capil- 
lary fragility was found in 3 and moderate 
improx-ement in 1. In 2 of these the 
changes accompanied a reduction of hyper- 
tension. 

3. Only 5 fundi (4 patients) of 23 im- 
prox-ed; in 2 of the 5, the retinal hemor- 
rhages cleared up completely. This iin- 
prox'ement cannot be directly attributed 
to rutin. Diabetic retinitis progre.sscd 
rapidly in 1 patient xvhile under treatment. 

4. In 2 patients, the retinal lesions im- 
prox-ed xvithout a change in the increased 
.skin capillary fragility and in a .similar 
number, the .skin capillary- resistance in- 
crea.scd xvithout retinal improvement. 
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In chemotherapy the matter of admin- 
istration of 2 compounds conjointly in the 
treatment of some of the infectious diseases 
is of considerable clinical interest and im- 
portance. This is based upon the fact 
that better therapeutic results may be 
expected or observed than from the ad- 
ministration of either compound alone. 
Since such combined therapy usually per- 
mits the administration of smaller doses 
of each compound than ordinarily required 
of either alone, the possibility of prevent- 
ing or reducing toxic effects and reactions 
is readily apparent, aside from the fact 
that it sometimes offers a means for tlie 
successful treatment of mixed infections. 
Furthermore, it appears that such com- 
bined chemotherapy may prevent or re- 
duce the chances of so-called acquired 
drug resistance of infecting microorgan- 
isms and especially in relation to the sul- 
fonamide and antibiotic compounds. 

Mechanism of Sanergistic or Addi- 
tive Activita'. Theoretically there would 
appear to be at least 3 possible explana- 
tions for the enhanced curative effects of 
combined chemotherapy. In the finst 
place, 1 compound may aid, cooperate witli 
or potentiate the other with a material 
incron.se of antimicrobial effects desig- 
nated as synorgi.stic activity. Indeed, this 
potentiating or true .synergistic activity 
may not require the prc.<cnce of a second 
chemotlicrapcutic compound at all, since 
Frieilen'^ has observeil that the vitamin 
nicotinamide apparently lias this effect 
upon penicillin tri ritro for SinpJt. tiurrux 
while Schwartzman^' states that the .sii.s- 


ceptibility of highly resistant gram-nega- 
tive bacilli to penicillin in riiro may be 
greatly increased by tlie addition of such 
amino acids as methione, threonine and 
methionine sulfoxide, methione being es- 
sential for the synergistic effects. 

On the other hand, howcA'er, the en- 
hanced therapeutic acti\’it,v ma,i' be merely 
a summation of the antimicrobial effects 
of the 2 compounds acting independently 
of eacli other, designated as additive activ- 
ity; or thirdly, as suggested b.v Klein and 
Kalter,-- tlie effects may be due to the fact 
that 1 compound, like penicillin, sharply 
reduces tlie total number of microorgan- 
isms which permits another, like a sulfon- 
amide compound, which is only partially 
bacteriostatic or bactericidal in the pres- 
•ence of a large number of cells, to become 
more active in the presence of a smaller 
number of ceils. 

Be this as it may, however, it is quite 
certain that synergistic or additive chemo- 
therapeutic activity is not to lie e.vpccted 
either in riiro or in tiro unless the micro- 
organism is susceptible to both of the 
compounds being employed, although it 
may be miicb more susceptible to one than 
to the other. Furthermore, it is to he 
expected that the results observed by dif- 
ferent investigators Avorking with the same 
compounds and the same microorganism 
will vary according to the susceptihifity 
of the particular strain of culture ern- 
ployerl and to other teehnieal factors .'v 
Avei'l. But since it is difliciilt and some- 
times impossible to disti^gui.^h between 
tme .synergistic and mere additive aetii- 


* I’rc-cntcfl I'V invit.-ition I)cforr tlio .American Therapeutic Sneiety. .Atlaiitie fity, June <, 10I>. 
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ity, I have preferred to designate the re- 
sults of my investigation herewith sum- 
marized as synergistic or additive, since 
these are not strictly synonymous terms. 

Synergistic or ADDiTn''E Activity op 
Compounds in Vitro. In 1943 Ungar^® 
reported that sulfapyridine and sulfatliia- 
zole almost doubled the activity of pen- 
icillin against cultures of Sfap/c amcns 
and hemolytic streptococcus in vitro, al- 
though the effects varied according to the 
resistance of the strains employed. Similar 
results were also observed by Bigger^ who 
reported that sulfanilamide, sulfathiazole 
and sulfapyridine greatly increased the 
activity of penicillin against these micro- 
organisnis; this investigator has also re- 
ported that penicillin and sulfathiazole 
together had a pronounced effect upon the 
typhoid bacillus.^ 

T’ung^' has reported that 8 out of 15 
strains of brucella were somewhat suscep- 
tible to penicillin and that the addition 
of small amounts of sulfathiazole increased 
the antimicrobial effects. Kirby*^ has also 
observed that sulfonamide-penicillin and 
urea-penicillin mixtures produced greater 
bacteriostasis than penicillin alone, which 
appeared to (be additive rather than truly 
synergistic. Chain and Duthie' state 
that sulfanilamide and sulfamezathine 
have no antagonistic action on the bac- 
tericidal effects of penicillin on staphylo- 
cocci and streptococci but, on the conti-ary, 
possess synergistic activity and especially 
on staphylococci having a natural resis- 
tance to penicillin. Similar results have 
been reported by Klein and Kalter- Avith 
the sulfonamide-resistant and sulfonamide- 
susceptible strains of Siap/i. atirats in 
mixtures of penicillin AA'ith sulfathiazole, 
sulfadiazine or sulfapyrazine. IMassell 
and his associates'^ haA’c reported that 
Avhile the minimal effective concentrations 
of jienicillin for many strains of strepto- 
cocci of the viridans type were increased 
1)1 I'itro by the sulfonamide compounds, no 
enhancement of actiA’ity of penicillin Awas 
obscrA'cd, hoAvever, in the presence of 
amounts of the compound aboA-e its mini- 
mal effective concentrations. In this con- 


nection it is also to be stated that Himmel- 
Aveit^^ observed that penicillin is not only 
AAutliout effect upon staphylococcus bac- 
teriophage but that these chemotherapeu- 
tic agents act together synergistically Avith 
more rapid killing of the organisms than 
either alone. 

Hobby and DaAA'son,'® hoAA'eA’^er, have 
not observed a synergistic action betAveen 
sulfadiazine or sulfapyridine and penicillin 
in vitro for Staph, anrnis and hemolytic 
streptococcus; on the contrarj^ sulfadia- 
zine appeared to decrease the rate of 
action of penicillin although, in a later 
study, the 3 ’^ observed a synergistic or addi- 
twe effect of sulfadiazine against organ- 
isms sensitive to this compound with more 
pronounced effects in the mixtures of 
penicillin and sulfadiazine than AAUth 
either compound alone.'® On the other 
hand, Garrod''* has stated that sulfathia- 
zole reduces tlie velocity" of the action 
of penicillin on staphjdococci in vitro b.y 
about one-half, and Cohn and Seijo® have 
also reported that the groAvths of sul- 
fonamide-resistant strains of gonococci 
were not affected by combinations of 
“subtherapeutic” amounts of penicillin 
and sulfathiazole. 

Insofar as results in vitro are concerned, 
thei'eforc, it AA'ould appear that the sul- 
fonamide compounds raa^' or maj" not 
increase the antibacterial effects of pen- 
icillin, although the majoriCv of iiiA'esti- 
gators have observed synergistic or addi- 
tiA'e activity". In this connection, hoAA- 
cA-er, the possible s^mergistic or additiA-e 
effects of penicillin and streptom^’cin in 
vitro are of additional interest and im- 
portance. In m\' laboratorA- Bondi and 
Dietz haA'e obserA'ed that the smallest 
amount of penicillin giving complete in- 
hibition of the H strain of Staph, aitrcns 
in a serial dilution method A\-as 0.2 unit, 
while the minimal inhibitory amount of 
streptomycin awis 0.001 mg. (1 unit). In 
mixtures of the 2 compounds, hoAvever, 
the minimal inhibitory amount of pen- 
icillin AA-as 0.05 unit of penicillin and 
0.0005 mg. (0.5 unit) of streptoniA-cin, 
indicatiA'e of a slight degree of SA’nergistic 
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or additive activity. Witli the SM strain 
of Sfaph. aureus the minimal inliibitory 
amounts of penicillin was 0.1 unit and 
0.001 mg. (1 unit) of streptomycin, while 
in mixtures of the 2 compounds, the min- 
imal inhibitorj^ amount of penicillin was 
0.05 unit and 0.0005 mg. (0.5 unit) of 
streptomycin and, therefore, likewise in- 
dicative of some degree of synergistic or 
additive activity. 

Of further interest in this connection 
are the observations of Carpenter and 
his colleagues® who found that while 
gonococci readily acquired resistance to 
sodium sulfathiazole, rivanol lactate and 
promin in vHro, yet when the organisms 
were e.xposed to mixtures of these 3 com- 
pounds much less resistance was acquired, 
while e.xposure to the mi.xtures, plus pen- 
icillin, resulted in no acquisition of re- 
sistance at all. But since it appears as 
well established that so-called acquired 
resistance of microbial agents is due to 
the survival of variants naturally resistant 
to a given concentration of a compound, 
any second compound that in itself in- 
hibits the rapid multiplication of such 
variants or destroys them may prevent 
so-called acquired resistance or reduce the 
rate at which it develops. Whether or 
not similar effects occur in vivo in the 
treatment of experimental and hum.an 
infections has not been determined, but 
since this is both possible and probable 
in synergistic or additive chemotherapy, 
the matter is of great clinical interest and 
practical importance. 

Synergistic or AnDirn’E .VcTn in' of 
Compounds in the Tre.\t.me.nt of Ex- 
PERiMENT.\u Infections. ^luch less at- 


Soo-Hoo and Schnitzer^® have reported 
that penicillin and sulfapyridine, as well 
as penicillin and sulfanilamide, in sub- 
therapeutic doses, had a pronounced syner- 
gistic activity in the treatment of experi- 
mental streptococcal infections, while Sul- 
tan, Jenkins and Cutting^® state that in 
pneumococcal and streptococcal infections 
in mice slightly more' favorable results 
%vere observed by simultaneous treatment 
with penicillin and sulfadiazine than to 
treatment with either compound a'one. 
Eagle, Magnuson and Fleischman'® have 
also found that penicillin and mapharsen 
(oxophenarsine hydrochloride) are syner- 
gistic in tile treatment of experimental 
syphilis of rabbits. 

Smith and McCIoskej’®® have reported 
that while promin and other sulfone com- 
pounds alone w'ere relatively ineffective 
in the treatment of e.xperimental tubercu- 
losis, combined treatment with these 
compounds and streptomycin gave better 
results tlian streptomycin alone, since 
they were greater than the sum of effects 
from the individual compounds. Callo- 
mon, Kolmer, Rule and Paul® have also 
observed that rvhile diasone and especially 
streptomycin alone e.xerted'> suppressive 
effects in the treatment of e.xperimental 
tuberculosis of guinea pigs, particularly 
noteworthy therapeutic effects were ob- 
served following combined streptomycin 
and diasone therapy which were likewi.se 
highly suggestive of a synergistic or addi- 
tive chemotherapeutic activity. In this 
connection it also mar' be stated that 
while Hodges®® observed penicillin to be 
ineffective and streptomycin but slightlr 
effective in the treatment of developing 


tention has been given to synergistic or 
additive chemotherapy in the treatment 
of e.xperimental infections of the lower 
animals. And yet such investigations 
would appear to be of more importance 
in relation to clinical medicine than stud- 
ies in vitro in spite of the limitations and 
caution required in interpreting the re- 
sults observed in the treatment of the 
acute and chronic infectious disc.a.scs of 
human beings. 


chick embryos infected with feces, com- 
bined penicillin and streptomycin therapj 
was highly effective. 

It appears, therefore, that the re.sulf.'' 
of these investigations on the combined 
chcmothcrapr' of various experimental 
infections of the lower animals have clearb 
indicated synergistic or additive effects. 
This is certainly true of the various e.xperi- 
mental infections treated by me with 
various combinations of rliemotherapeutir 
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compounds, the results of which may be 
briefly summarized herewith with the 
important details shown in the accompany- 
ing tables. 

Thus, as shown in Table 1, it appears 
that while both penicillin by intermittent 
intraabdominal injection and sulfathiazole 
by ingestion were effective in the treat- 
ment of mice (approximately 20 gm. each) 
inoculated intravenously with 0.05 cc. of 
a 24 hour broth culture of a virulent 
strain of Staph, aureus, susceptible to both 
compounds in vitro, synergistic or addi- 
tive effects were observed following the 
administration of bpth compounds at the 


same time. Thus of 20 mice given pen- 
icillin in total doses of 240 units per ani- 
mal, by intermittent intraabdominal in- 
jection, 6 (30%) survived, while of 20 
given total doses of 12 mg. of sulfathiazole 
per animal by ingestion, 4 (20%) survived; 
whereas of 20 given both compounds in 
these total dosages 16 (80%) survived 
with 45% survivals among those given 
120 units of penicillin with 12 mg. of 
sulfathiazole and 25% survivals among 
those given 60 units of penicillin and 
12 mg. of sulfathiazole. 

Similar synergistic or additive effects 
were observed in mice inoculated intra- 


Table 1. — Synergistic or Additive Activity of Penicillin and Sulfathiazole in the 
Treatment of Experimental Staphylococcus Aureus Infections of Mice* 

Penicillint SulfatUiazoleJ 




Dose 

Total dosage 

Dose 

Total dosage 

SurvivalsS 



(units per 

(units per 

(mg. per 

(mg. per 


-s 

No. 


mouse) 

mouse) 

mouse) 

mouse) 

No. 

% 

20 . 


. 60 

720 



20 

100 

20 . 


. 30 

360 



16 

80 

20 . 


. 20 

240 



6 

30 

20 . 


10 

120 


, 

0 

0 

20 . 


. 5 

GO 



0 

0 

20 




2 0 

24 0 

11 

55 

20 




1 0 

12 0 

4 

20 

20 . 


20 

240 

1 0 

12 0 

16 

SO 

20 


10 

120 

1 0 

12 0 

9 

45 

20 . 


5 

60 

1 0 

12 0 

5 

25 

30 


Controls 




4 

1.3 3 


* Inoculated intravenously with 0.05 cc. of 24 hour broth culture. 

t Administered intraabdominally. First dose 2 hours after inoculation; theieafter every 6 hours for 
a total of 12 doses. 

t Administered orally. First dose 2 hours after inoculation; thereafter eveiy 6 hours for a total of 
12 doses. 

§ Eight days after inoculation. 


Table 2. — Synergistic or Additive Activity op Penicillin and Sulfadiazine in the 
Treatment op Hemolytic Streptococcus (Group A) Infections op Mice* 
Penicillint SulfadiazmeJ 



Do«o 
(units per 
mouse) 

Total dosage 
(units jicr 
mouse) 

Dose 
(mg. per 
mouse) 

Total dosage 
(mg. per 
mouse) 

Survival 1 


No. 

No. 

7o 

20 

30 

360 



IS 

90 

20 . 

20 

240 

. 


14 

70 

20 

10 

120 

. 


G 

30 

20 

5 

60 



0 

0 

20 



2 0 

24 0 

G 

30 

20 



1 0 

12 0 

2 

10 

20 

20 

240 

1 0 

12 0 

20 

100 

20 

10 

120 

1 0 

12 0 

14 

70 

20 

5 

00 

1 0 

12 0 

6 

30 

40 

Controls 




0 

0 


* Inoculated intraabdominally with auprovimately 10,000 M.L.D. of culture. 

t Administered intraabdominally. First dose 2 hours after inoculation: thereafter every C hours for 
total of 12 ciosos. 

thereafter eveo' 0 houre for a total of 

§ Si\ d.ays after inoculation. 
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abdominally with a virulent strain of 
hemolytic streptococcus of Group A sus- 
ceptible to both penicillin by intermittent 
intraabdominal injection and to sulfadia- 
zine bj' ingestion treated with both com- 
pounds simultaneously (Table 2). Thus, 
of 20 mice given penicillin in total doses 
of 240 units per animal by intermittent 
intraabdominal injection, 14 (70%) sur- 
vived, while of 20 given total doses of 
12 mg. of sulfadiazine per animal by inges- 
tion 2 (10 %) survived; whereas of 20 given 
both compounds in these total dosages all 
(100%) survived, with 70% survivals 
among those given 120 units of penicillin 
with 12 mg. of sulfadiazine and 30 % sur- 
vival among those given 60 units of pen- 
icillin and 12 mg. of sulfadiazine. 

Synergistic or additive effects were also 
observed in the treatment of mice inocu- 
lated intraabdominallj'' with a virulent 
culture of Type I pneumococcus and treat- 
ed witli penicillin and sodium sulfadiazine 
(Table 3). Thus, of 20 mice given penic- 
illin in total doses of 600 units per animal 
by intermittent intraabdominal injection, 

S (40 %) survived, while of 20 given total 
doses of 40 mg. of sodium sulfadiazine by 
the same route of administration 5 (25%) 
survived; whereas of 20 given both com- 
pounds in these total dosages IS (90%) 
survived, witli 75% survivals among those 
given 120 units of penicillin and 40 mg. 
of sodium sulfadiazine and 45% survivals 
among those given 60 units of penicillin 
and 40 mg. of sodium sulfadiazine. 

.\s previously stated, Ebcr. ivphosa in 
small numbers has been found susceptible 
to relatively large amounts of penicillin 
and sodium sulfathiazolc in the test-tube 
with synergistic or additive effects. As 
shown in Tal)Ic 4, a culture of this bacillus 
inoculated intra.'ibdominally in mice in 
an amount approximately erpiivalcnt to 
2 minimal lethal doses was likewise 
.susceptible to relatively large doses of 
penicillin and sodium sulfathiazolc admin- 
i.stere<l intraabdorninally with definite 
evidence of synergi.-tic or additive effects 
when the 2 com{>ounds were injected sirmd- 
taneou.dy. Tims, of 20 mice given penic- 


illin in total doses of 5000 units per ani- 
mal b 3 ' intermittent intraabdominal in- 
jection, 3 (15%) survived, while of 20 
given total doses of SO mg. of sodium sul- 
fathiazole bj*^ the same route of adminis- 
tration 3 (15 %) likewise survived; whereas 
of 20 given both compounds in these total 
dosages 8 (40 %) survived with 25 % sur- 
vivals among those given 2000 units of 
penicillin and SO mg. of sodium siilfathia- 
zole and 20 % survivals among those given 
1000 units of penicillin and 80 mg. of 
sodium sulfathiazolc. 

As shown in Table 5, a culture of Kick 
pneumomz virulent for mice bj’ intraab- 
dominal inoculation was susceptible to 
streptom.vcin sulfate and likewise to so- 
dium sulfadiazine administered intermit- 
tentlj- bj- intraabdominal injection. Thus, 
of 10 mice given streptoinymin in total 
doses of 1.5 mg. per animal by intermit- 
tent intraabdominal injection, 3 (30%) 
survived, while of 10 given total doses of 
75 mg. of sodium sulfadiazine b.v the 
same route of administration 2 (20%) 
survived; whereas of 10 given both com- 
pounds in these total dosages S (80%) 
survived with 60% survivals among those 
given 0.75 mg. of streptom.vcin and 75 mg. 
of sodium sulfadiazine and 20% survivals 
among those given 0.15 mg. of strepto- 
mycin and 75 mg. of sodium sulfadiazine. 

The results observed in the treatment 
of 320 to 485 gm. guinea pigs inoculated 
subcutancousl.v with a human strain of 
Myco. tuhcrciiiosis nni\ treated with strep- 
tomycin b.v intermittent subcutaneous or 
intramuscular injection, b\' diasone oralb 
and bv' both cornpotind.s simidfancouslv 
have been prcviousl.v reported;^ the.v arc 
bricfl.v summarized in Table G and clcarh 
indicate some degree of s.vncrgi.stic or ad- 
ditive activity. The suppressive effects 
of these compounds as determined Ijv the 
results of macro‘;coj)ic and micro'^cxjptc 
c.xaminations of the tissuc.s arc not indi- 
cated in the table. On the basis of .-urvival 
rates alone, however, it will I)e ob-er^c' 
that 9 (50%) of IS untreated cf)ntroA 
survive*! while 7 (70'"i) of 10 ariirnab 
given streptomycin in total rhi-e- m 
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Tablk 3. — Synergistic oh Additive Activity of Penicillin and Sodium Sulfadiazine in 
THE Treatment of Experimental Type I Pneumococcal Infections of Mice* 


PenicUlint Sodium sulfadiazinet 


No. 

Dose 
(units per 
mouse) 

Total dosage 
(units per 
mouse) 

Dose 
(mg. per 
mouse) 

Total dosage 
(mg. per 
mouse) 

Survivors! 

No. 

% 

20 . . 

. 100 

1200 



20 

100 

20 . . 

. 50 

600 

, , 


8 

40 

20 . . 

10 

120 



6 

20 

20 . , 

5 

60 



2 

10 

20 . . 



10 0 

80 0 

12 

60 

20 . . 



5 0 

40.0 

5 

25 

20 . . 

. 50 

600 

5 0 

40 0 

18 

90 

20 . . 

10 

120 

5 0 

40 0 

15 

75 

20 . . 

5 

60 

5.0 

40 0 

9 

45 

20 . . 

Controls 

. 



0 

0 


* Inoculated intraabdominally with approximately 10,000 M.L.D. of culture. 

t Administered intraabdominally. First dose 2 hours after inoculation; thereafter every 6 hours for 
a total of 12 doses, 

t Eight days after inoculation. 


Table 4. — Synergistic or Additive Activity of Penicillin and Sodium Sulfathiazoi.e in 
THE Treatment of Experimental Eber. Typhosa Infections of Mice* 


Penciliint Sodium Bulfathiazolef 


No, 

Dose 
(units per 
mouse) 

Total dosage 
(units per 
mouse) 

Dose 
(mg. per 
mouse) 

Total dosage 
(mg. per 
mouse) 

Survivors! 

No. % 

20 

. . 250 

5000 


, , 

3 

15 

20 

, 100 

2000 



0 

0 

20 

50 

1000 



0 

0 

20 



4 0 

80 0 

3 

15 

20 . 

. 250 

5000 

4 0 

80 0 

8 

40 

20 

. . 100 

2000 

4 0 

80 0 

5 

25 

20 

50 

1000 

4 0 

80 0 

4 

20 

20 

Controls 




0 

0 


* Inoculated intraabdominally with approximately 2 M.L.D. of culture. 

t Administered intraabdominally. First dose 2 hours after inoculation; thereafter evei-j'' b hours for 
a total of 20 doses. 

1 Ton days after inoculation. 


Table 5. — Synergistic or Additive Activity of Streptomycin and Sodium Sulfadiazine in 
THE Treat.ment of Experi-mental Kleb. Pneumoni.e Infections or Mice* 


Streptomycint Sodium sulfadazincf 


No. 

Do^e 
(mg. i)er 
mouse) 

Total dosage 
(mg. per 
mouse) 

Dose 
(mg. per 
mouse) 

Total dosage 
(mg. per 
mou'e) 

Survivors! 

No. 

% 

10 . 

. 0 20 

3 00 



S 

80 

10 

0 10 

1 50 



3 

30 

10 . . 

0 o.> 

0 75 

• • 


0 

0 

10 

0 01 

0 15 



0 

0 

10 . . 



5 0 

75 0 

2 

20 

10 . 

. 0 10 

1 50 

5 0 

75 0 

,s 

80 

10 . . 

. 0 05 

0 75 

5 0 

75 0 

G 

60 

10 . . 

0 01 

0 15 

5 0 

75 0 

2 

20 

10 

Control- 

. . 

. . 

, 

0 

0 


* Inocul.ated intraabdominally with apj)roxiniatoly 1000 M.L.D. of culture. 

t Administered iinraiibdonuimlly. First do^o 2 hours .after itiocuiation; thereafter every 0 iiour- for 
n total of lo 

§ Ton days after inoculation. * 
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365 mg. survived, as likewise 3 (36.3%) 
of 8 animals given total doses of 192 mg. 
of this compound. Of 8 animals given 
total doses of 7,2 gm. of diasone by inges- 
tion, 6 (75 %) survived, while all of S ani- 
mals given 168 mg. of streptomycin and 
7.2 gm. of diasone survived. 


served in the treatment of e.yperimental 
s^'philis of rabbits with single and multiple 
doses of penicillin by intermittent intra- 
muscular injection also the synergistic 
effects of penicillin, mapharsen (oxophen- 
arsine h^'drochloride) and potassium bis- 
muth tartrate in the treatment of this 


Table 6. Synergistic or Additive vVctivity or Streptomycin .and Diasone in the 
Treatment op Experiaiental Tebercvlosis or Guinea Pigs 



Streptomycin, 
total dosage 
(gm. per animal) 

Diasone, 
total dosage 
(cm. per animal) 


Sumvals 

No. 

No. 

% 

10 

. . . . 0 365* 

0 

7 

70 0 

8 

. . . . 0 192t 


3 

30.3 

8 


7 V 21 

0 

75.0 

S 

. . . . 0 test 

7.2§ 

S 

100.0 

18 

Controls 


9 

50 0 


* Over OS days bj’ multiple intramuscular injection, 
t Over 32 days bs’ multiple intramuscular injection. 
§ Over 32 daj’S bj’ oral administration. 


As previously stated, the possible syner- 
gistic or additive effects of penicillin and 
streptomycin administered simultaneously 
in the treatment of pure and especially of 
mixed infections with bacteria susceptible 
to both compounds is of particular interest 
and clinical importance. To determine 
possible synergistic or additive effects m 
vivo, mice were inoculated subcutaneously 
with a virulent culture of B. anihracis 
which was found highly susceptible to 
penicillin and slightly susceptible to strep- 
tomycin in vitro. Animals were treated 
with penicillin and streptomycin alone by 
intermittent intraiibdominal injection and 
likewise with freshly prepared solutions 
of each compound mixed together in the 
same syringe and injected intraabdomi- 
nally. As shown in Table 7, of 20 mice 
given total doses of 3000 units of penicillin 
per animal, 14 (70 Ci) survived, while of 
20 given total doses of .5 mg. of .sircpto- 
inycin per animal, 2 (10'7j .survivcil; 
wluTcas of 20 given both compounds in 
the.se do,sage.s, IS (OO^i) survived, with 
50 .•'iirvivals among those given 1.500 
units of penicillin and 5 mg. strejitomycin 
and 15 ''i- .survivals among those given 
750 units of jienieillin ami 5 mg. of strej)- 
tomycin. 

I have elsewhere licseriix'il in detail the 
ti-chnifpie employwl and th'- re-ults nb- 


cxperimental infection."^ The results ob- 
served with single doses of penicillin by 
intramuscular injection and of mapharsen 
by intravenous injection are briefly sum- 
marized in Table 8 as, likewise, the results 
of combined treatment with single doses 
of each compound given tit approximately 
the same time. It will be observed that 
single doses of penicillin as high as 100,000 
units per kg. were not completely curative, 
as shown b.v the results of lymph node 
transfers to fresh animals. IMapliarsen 
in single doses of 1 mg. per kg. were like- 
wise not completely curative, wlierea.s 
simultaneous treatment with single dose^ 
of 10,000 units of penicillin and 1 mg- of 
mapharsen per kg. effected complete or* 
biologic cures, imlicativc of marked .'syner- 
gistic activity in confirmation of the rc- 
.sults reported Iiy Eagle, Magnii.'on and 
Fleischman,'- 

Similar result.'^ were ob.=crvcd with mul- 
tiple doses of penicillin by' intermittent 
intrnmu.«cular injection anil of mapharri n 
bv intravenous injection, summarired in 
Table 0. Total do-es of SOOO and 40,000 
units of iienieiliiri and of 1.0 mg. maphar- 
sen alone jmt kg. of weight did not ffTect 
complete or biologic cure-, wherea''' tota 
do^es of 4000 and SOOf) mm.s of penicillin 
and I.<) nic- rnnj)Iiar''f'n p*T kc- rf-.-uhf-ti 
in roniplete or Itiologie euris and lif.i'>'i ' 



kolmer: chemotherapeutic compounds 


143 


Table 7. — Synergistic or Additive Activity of Penicillin and Streptomycin in the 
Treatment of Experimental B. Anthbacis Infections of Mice* 

Penicillint Streptomycint 



Dose 

Total dosage 

Dose 

Total dosage 

Survivorst 

No. 

(units per 
mouse) 

(units per 
mouse) 

(mg. per 
mouse) 

(mg. per 
mouse) 

No. 

% 

20 . 

. . 250 

7500 

, 


20 

100 

20 

. . 100 

3000 



14 

70 

20 . 

. . 50 

1500 

, 


4 

20 

20 . 

25 

750 

. 


0 

0 

20 . 



0 250 

10 0 

6 

30 

20 . 



0 125 

5 0 

2 

10 

20 



0 060 

2 4 

0 

0 

20 

. . 100 

3000 

0 125 

5 0 

18 

90 

20 . 

. . 50 

1500 

0 125 

5 0 

10 

50 

20 . 

. . 25 

750 

0 125 

5 0 

3 

16 

20 . 

. Controls 

, . 

. . 


0 

0 


* Inoculated subcutaneously with approximately 5 M.L.E). of culture. 

t Administered intrahbdominally. First dose 2 hours after inoculation; thereafter every 6 hours for a 
total of 30 doses. When given conjointly solutions of each compound were freshly mixed and promptly 
injected. 

t Twelve days after inoculation. 


Table 8. — Synergistic or Additive Activity of Single Doses of Penicillin and Mapharsen 
in the Treatment of Acute Syphilitic Orchitis op Rabbits 


No, 

2 

2 

2 

2 

2 

2 


Penicillin* 
(units per kg.) 

10,000 

30.000 

100,000 

10.000 

Controls 


Mnphnrsent 
(mg. per kg.) 


1 

1 


Results of lymph node 
transfers 

Both positive 

(i « 

H it 

it it 

Both negative 
Both positive ^ 


* By intramuscular injection in saline solution, 
t By intravenous injection. 


Table 9. — Synergistic or Additive Activity of Multiple Doses or Penicillin and Mapharsen 
IN THE Treatment of Acute Syphilitic Orchitis or Rabbits 

Penicillin Mapharsen* 


No. 

Dose 

(units per kg.) 

Total dosage 
(units per kg.) 

Dose 

(mg. per kg.) 

Total dosage 
(mg. per kg.) 

Results of b'tnph node 
transfers 

2 

1000* 

8,000 



Both positive 

2 

. . 6000* 

40,000 



If 

it 

2 



0 2 

1 6 

it 

it 

2 

2501- 

4,000 

0 2 

1 6 

Both negative 

2 

soot 

8,000 

0 2 

1 6 

If 

ft 

2 

Controls 

. . 

. . 

. . 

Both positive 


* Once daily for S days in succession intravenously (S doscs.). 
t Twice daily for 8 days in succession intramuscularly (IG doscsl. 
t Once daily for 8 days in succession intramuscularly (8 doles'!. 


clearly indicative of the marked synergistic 
activity of these 2 compounds 
As shown in Table 10, multiple doses of 
penicillin by intermittent intramuscular 
injection totalling 8000 and 40,000 units, 
and of potassium bismuth tartrate in oil 
by intramuscular injection totalling 2 mg. 
per kg. did not result in complete or bio- 


logic cures, whereas injections of penicillin 
in total doses of 8000 and 10,000 units 
and of potassium bismuth tartrate in total 
doses of 2 mg. per kg. of weight resulted 
in complete or biologic cures; being clearly 
indicative of the synergistic or additive 
activity of tliese 2 compounds. 

Exactly similar results were observed 
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with multiple doses of mapharsen by intra- 
venous injection and of bismuth subsalicyl- 
ate in oil in the treatment of acute syphil- 
itic orchitis of rabbits. This experiment 
was conducted in exactly the same man- 
ner as the experiment employing penicillin 
and potassium bismuth tartrate. As 
shown in Table 11, mapharsen by intra- 
venous injection in total doses of 1, 2 and 

4 mg. per kg. did not produce complete 
or biologic cures and the same was true 
of bismuth subsalicylate by intramuscular 
injection in total doses of 1.25, 2.5 and 

5 mg. per kg. In combined treatment, 
however, mapharsen in total doses of 2 
and 4 mg. and bismuth subsalicylate in 
total doses of 2.5 and 5 mg. per kg. re- 
sulted in complete or biologic cures. 

Synergistic or Addiitv^e Activity of 
Compounds in the Treatment of Human 
Infections. Much fewer data of a precise 


nature are available for appraising the 
status of synergistic or additive activity 
of chemotherapeutic compounds in the 
treatment of various acute and chronic 
infections of man. There are, however, 
numerous reports indicating the value of 
the combined therapy of pneumococcal 
pneumonia with sulfadiazine or sulfamera- 
zine and penicillin and especiall}^ in the 
treatment of serious cases of the disease. 
In general terms the reported mortality 
rates in cases treated with the sulfonamide 
compounds alone have been as low and 
even somewhat lower than in cases treated 
wdth penicillin alone. That combined 
treatment with sulfadiazine and penicillin 
may give better results than treatment 
w’ith sulfadiazine alone is indicated, how- 
ever, by the report of Dowling and his 
associates,*® who observed a mortality of 
9.6 % in 94 cases treated with sulfadiazine 


Table 10. — Sv.vBnGisTic or .Additive Activity of Multiple Doses op Pexicillin axd Potassivu 
Bis.mtjth Tabtrate in the Tbeatmekt or Acute Syphilitic Obchitis op Rabbits 


Penicilliu* Po<a 1 ss. bL^muth tartratof 


No. 

Do«c 

(units per kg.) 

Total dosage 
(units per kg.) 

Dose 

(rag. prr kg.) 

ToLil dosage 
(mg. por kg.) 

Results of lymph nwlr 
tran'fcrs 

0 

! . 1000 

8,000 


, . 

Both positive 

o 

, . . 5000 

40,000 




o 



0 S 

2 0 


o 

1000 

s.doo 

0 5 

2 0 

Both ncg.gtivo 

o 

. , . 2000 

10,000 

0 5 

2 0 


2 

Controls 



Botli po.sitivc 


* Onco daily for S clays in succession intramusculariy (-S 

t Four doses piven on the 2nd, dth, 0th and 8th days of treatment, intrnmuscuiarl> . 


Taiilk lU—Sv-VEriGis^ic on Additive Activity of Muetiple Doses of MAPiiAa^ES and Or^siCTii 
SUnSAUeVLATE IN THE TnEATiIE>NT OF AcUTE SVPniLmC OnClIITIS or KAimiTS 


M3ph.or>pn* Biimtilh .'«iib«3licyl3l'’t 



Df>5A 

Total dosage 


Total do^agp 

rii-'tiUs of lymph nod' 
tr.in>f<*rs 

No. 

(mg. ppr kg.) 

(ms. vr kg.) 

[m:;, p*'r ks.) 

(mg. iv-r kg.) 

O 

0 8 

•S 0 



Botli ricgntivo 

*> 

0 1 

4 0 



Botti jiO‘ilivo 

n 

0 2 

2 0 



ft 


0 1 

1 0 



Both nog.-itivc 

■o 

2,00 

10 bo 






1 jiO'itivf 




1 00 

.j 00 

1 r/og.i I 

»» 



0 50 

2 .50 

Both po’itivo 

n 



0 2.; 

1 2.5 

Hotb n^'Kati'vc 

o 

...04 

4.0 

1 00 

5 00 

o 

0 2 

2 0 

0 .50 

2 .50 







1 po-!tivr 

o 

0 1 

1,0 

0 2.5 

1 2-5 

1 n'^rrativp 


Controls ' 



•• 

Botli 


« Twii-O vrfH'tiy for ~j tvt-ok.i hy intravpr.oui injccUon (10 
^ O-ci' ■ntv'VIy for T-Pok* by !r.!r:imu*i-iil.Yr f.'i 
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alone but only 4.3% in 94 cases treated 
with sulfadiazine and penicillin. Com- 
bined treatment with penicillin and sulfa- 
diazine has also been found of inestimable 
value in the treatment of putrid lung 
abscess by Stivelman and Kavee/^ aside 
from the fact that it has been widely em- 
ployed for the prevention of infections 
following resections of the lungs, trans- 
urethral prostatectomies, in the treatment 
of pilonidal cysts by primary closure, and 
others. 

In pneumococcal meningitis treated 
with the sulfonamide compounds alone 
the reported mortality rates have varied 
from 58 to 65 %, with a mortality rate of 
about 48 % in cases treated with penicillin 
alone. Waring and Smith, however, 
have reported the recovery of 12 out of 
13 patients following combined sulfona- 
mide and penicillin therapy. Similar re- 
sults have also been reported by Smith, 
Duthie and Cairns.®® Of 19 cases treated 
with penicillin alone there were 7 deaths,' 
whereas in 19 cases treated with penicillin 
and sulfadiazine there were but 2 deaths, 

1 of Avhom recovered from the meningitis 
but died subsequently of fat embolism, 
while the second case was moribund on 
admission to the hospital and died within 
a few hours. Hall and his associates^® 
have also reported the recovery of 13 in 
a series of 17 cases of pneumococcal men- 
ingitis, 16 of whom were treated witli 
sulfadiazine or sulfamerazine in addition 
to penicillin, while 2 of 3 infants with 
staphylococcic meningitis recovered under 
the combined penicillin and sulfonamide 
therapy. 

Until recent years the mortality rate in 
influenzal meningitis treated witli the sul- 
fonamide compounds alone was about 
92 %. Alexander and her associates,' how- 
ever, have recently reported the ^eco^•ery 
of 12 in a series of 14 cases treated with 
streptomycin witli tlie recovery of all of 
4 additional cases treated with the com- 
pound after initial treatment with Type B 
rabbit anti-influenzal globulin and sulfa- 
diazine: likewise, the recovery of 3 out 
of 4 patients treated with streptomycin 


after unsuccessful treatment with the anti- 
serum and sulfadiazine. Nussbaum and 
his colleagues®® have also reported the 
rapid and complete recovery of 3 children 
with influenzal meningitis treated concur- 
rently with streptomycin and sulfadiazine, 
while Logan and HerrelP® have reported 
the recovery of 3 out of 4 infants treated 
with streptomycin, sulfonamides and anti- 
serum. In streptococcal meningitis treat- 
ed with the sulfonamide compounds alone 
the mortality has been about 35%, with 
a mortality of about 44 % in cases treated 
with penicillin alone; whether or not com- 
bined treatment witli sulfadiazine and 
penicillin will result in a further reduction 
in the mortality rates cannot be stated, 
but this combined therapy appears to be 
indicated in the treatment of severe infec- 
tions. The same may be true in the 
treatment of meningococcal meningitis, 
even though the mortality under prompt 
and adequate sulfonamide therapy may 
be less than 10 %, and about 12 % in cases 
treated with penicillin alone. 

Whether or not combined penicillin and 
sulfonamide therapy is better than penic- 
illin alone in the treatment of subacute 
bacterial endocarditis cannot be stated at 
the present time. Under sulfonamide 
treatment alone the mortality rate has 
been about 96 %, with a mortality of from 
40 to 45% in cases adequately treated 
with penicillin. In the combined treat- 
ment of 7 cases with penicillin and sulfa- 
diazine, with or without heparinization, 
Levy and hlcKrilP® ha\'e reported the 
death of 2 patients, giving a mortality of 
28.6 %. Certainly this combined treat- 
ment appears to be clearly indicated in 
the treatment of acute endocarditis due 
to infections with beta-hemolytic strepto- 
cocci, staphylococci, pneumococci, gono- 
cocci and meningococci, while in infections 
due to IL vijlucnzse, Klch. pnaimoviie or 
other gram-negative bacilli combined treat- 
ment with streptomycin and sulfadiazine 
appears to be worthy of clinical trial. 

As previously stated, Bigger has ob- 
served a synergistic or additive activity 
of sulfathiazole and penicillin for typhoid 
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bacilli in vitro, -while, as previously stated, 
I found some evidence of this activity in 
the treatment of experimental typhoid 
infections of mice. ^Miether or not com- 
bined treatment of tj*phoid fever of man 
with \'ery large doses of penicillin and 
sulfathiazole will prove effective cannot 
be stated at the present time, although 
McSweenej-^ has recently reported this 
combined treatment as being successful in 
6 cases. Comerford and his associates® 
have also found this combined therapy- 
effective in the treatment of 2 tj'phoid 
carriers. llTiether or not tlie treatment 
of these tj'phoid infections with strepto- 
mycin and sulfathiazole will prove more 
effective tlian treatment with streptomy- 
cin alone is well worthy of experimental 
and clinical investigation. 

'^^^lether or not the combined treatment 
of tuberculosis with streptomycin and 
the sulfone compounds will prove more 
effective than treatment with streptomy- 
cin alone awaits the outcome of clinical 
experience. In this connection it appears 
tliat promin and diasone may be too toxic 
from the standpoint of producing hcmo- 
Ij'tic anemia. However, promizole is much 
less toxic and apparently the compound 
of choice. O’Leary and his associates^ 
found promizole alone of but little value 
in the treatment of various types of cuta- 
neous tuberculosis; streptomycin was 
more effective but comi)incd treatment 
with both compounds was not employed. 

Insofar as combination chemotherapy 
in syphilis is concerned, most interest has 
been in it.s effectiveness in the treatment 
of early cases of the disease. Eagle" 
has rcporteel that tri-weekly injections 
of mapharsen with weekly injections 
of bi.smuth were highly effective with 
S2'Jc “cures” and hut 0.37c treatment 
failures. Excellent results in the treat- 
ment of early syphilis have also been 
reiwrtc*! by Sternberg and Ix’ifer" by 
a plan of treatment embracing -lO 
injections of mapharsen and Ifi of 
bisnmib subsalicylate over a p^'cifwl of 
2ti weck<. Ihmdesen,' howevt-r, regards 
the ntpiil tre.atinent of c;trly syphilis by 


the combined administration of penicillin 
and mapharsen as unsatisfactory. Helled® 
has likewise reported that there is no sig- 
nificant difference in results in the treat- 
ment of early sj-philis with penicillin alone 
and smaller doses of penicillin along with 
mapharsen, although it appeared that the 
curative activitj' of penicillin was enhanc- 
ed by the conjoint administration of bis- 
muth. In a comparative study of 5 
different plans of combination treatment 
of early syphilis Leavitt^ states that best 
results were observed following the ad- 
ministration of 5 doses of mapharsen and 
3 of bismuth along with 1,200,000 units 
of penicillin by intermittent intramuscular 
injection every 3 hours over a period of 
9 days. 

As previously stated, it would appear 
tliat penicillin and bacteriophage also exert 
synergistic or additive effects against 
staphylococci in vitro and in this connec- 
tion MacNeal and his associates’°’®''”havo 
reported the successful treatment of cases 
of staphylococcal endocarditis and septi- 
cemia by combined treatment with these 
agents, even though the staphylococci 
were highly resistant to penicillin and hac- 
tcriophage alone in vitro. 

Toxicity of Combixed Chemother- 
. 4 py. Objections moy be raised to com- 
bined chemotlierapy on the basis of toxic 
reactions. But this hardly appears to he 
justified. Certainly tlicrc Imvc been no 
indications of increased toxicity in the 
treatment of e.xperimental infections of 
the lower animals, inticed, it would ap- 
pear that the reverse is tnic, since the 
smaller doses of each of the cnInpound^ 
employed are usually less than of either 
compound alone- Some cape.s of hemor- 
rhagic encephalitis due to inaplwrsfn 
have been reported in the treatment of 
early syphilis with tlii.s compound in com- 
bination with penicillin by iiitcn.-i'c 
incthofls, but the incificnre has l>ccn 
lower than observet! witb mapharsen alonf 
bcc;iuse of the .smaller total dosage- em- 
ployed in the combined nietluMls of triat- 
incnt. IndecfJ, if a .sulfone comf>f)Ut!'I hi-' 
promizole in cornbinatinn with .‘trepto- 
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myc'm is found upon clinical trial to be 
helpful in the treatment of tuberculosis, 
it is possible that smaller total doses of 
the latter may not only be employed with 
a reduction in the incidence of both re- 
versible and irreversible injury of the 
labyrinth and auditory nerves resulting 
in tinnitus and vertigo, but possibly reduce 
the chances of so-called acquired resistance 
of tubercle bacilli to streptomycin as well. 

In this connection it should also be 
stated that Lehr^®-^'^ has observed that 
mixtures of sulfadiazine and sulfamerazine, 
and of these 2 compounds with sulfathia- 
zole in partial dosages, proved significantly 
less toxic for albino rats than any one of 
the separate compounds in equal or com- 
parable total dosage, the lower toxicity of 
the combinations being ascribed to the 
prevention of renal obstruction resulting 
from a pronounced reduction in the intra- 
tubular deposition of sulfonamide crystals. 

Summary. 1. Combinations of the 
chemotherapeutic compounds have usu- 
ally shown synergistic or additive effects 


upon susceptible microorganisms in iritro. 
Such combinations have also shown evi- 
dence of preventing so-called acquired 
resistance of microorganisms in vitro with 
the suggestion that combination chemo- 
therapy may reduce the incidence of so- 
called acquired resistance of bacteria in 
the treatment of disease. 

2. Undoubtedly the combination chemo- 
therapy has shown evidence of synergistic 
or additive activity in the treatment of 
various bacterial and spirochetal infections 
of the lower animals. 

3. Synergistic or additive chemotherapy 
has also proven of sufficient value in the 
prevention and treatment of various seri- 
ous bacterial infections of human beings 
and, possibly, also of early syphilis, as to 
merit further clinical trial. 

4. The possibility of toxic reactions is 
not necessarily a contraindication to com- 
bined chemotherapy ; on the contrary, it ap- 
pears that such treatment may reduce their 
incidence by reason of the smaller total dos- 
ages required than of either compound alone. 


REFERENCES 

1. Alexander, H. E., Leidy, G., Rake, G., and Donovick, R.: J. Am. Med. Assn., 132, 434, 1946. 

2. Bigger, J. W.: Lancet, 2, 142, 1944. 

3. Bigger, J. W.; Lancet, 1, 81, 1946. 

4. Bundesen, H. N., Craig, R. M., Schwe.mlein, G. X., Barton, R. L., and Bauer, T. J.: Am. 
J. Syph., Gonor. and Yen. Dis., 30, 475, 1946. 

5. Callomon, F. T., Kolmer, J. A., Rule, A. M., and Paul, A. Proc. Soc. Exp. Biol, and Med., 
63, 237, 1946. 

6. Carpenter, C. M., Baiin, ,T. M., Ackerman, H., and Stokinger, H. E.: Proc. Soc. Exp. Biol, 
and Med., 60, 168, 1945. 

7. Chain, E., and Duthie, E. S.: Lancet, 1, 652, 1945. 

S. Cohn, A., and Snuo, I. H.: J. Am. Mod. Assn., 124, 1125, 1944. 

9. Co.MERroRD, C. H.. Richmond, H., and Kay, W, W.: Lancet, 2, 343, 1946. 

10. Dowling, II. F., Hussey, H. H„ Hirsh, H. L., and Wilhelm, F.; Ann. Int. Med., 26, 950, 1946 

11. Eagle, H.: J. Am. Med. Assn., 126, 53S, 1944. 

12. Eagle, H., Magnuson, H. J., and Fleisch.man, R.: J. Yen. Dis., Inform., 27, 3, 1946. 

13. Frieden, E. H.: Proc. Soc. Exp. Biol, and Med., 60, 352, 1945. 

14. Garrod, L. P.: Lancet, 2, 673, 1944. 

15. Hall, W. H., .Vlden, J., Burt, G. M., and Spi.vk, W. W.: Minnesota Med., 29, 553, 1946. 

16. Heller, J. R., Jr.; J. Am. Med. Assn., 132, 258, 1946. 

17. Himmelweit, F.: Lancet, 2, 104, 1945. 

IS. Hohry, G. L., and Dawson, M. H.: Proc. Soc. Exp. Biol, and Med., 66, 1S4, 1944. 

19. Hobby, G. L., and Dawson, M. H.: J. Bacteriol., 51, 447, 1946. 

20. Hodges, J, H.: Science, 104, 460, 1946. 

21. Kirby, W. M. M.; Proc. Soc. Exp. Biol, and Med., 57, 149, 1944. 

22. Klein, M., and Kalter, S. S.: J. Bacteriol.. 51. 125, 1946. 

23. Kolmer, J. A.: .\rch. Dermat. and Sn>h., 55, 741, 1947. 

24. Kolmer, J. Arch. Dermat. and Syph., 56, 179, 1944. 

25. Leavitt, H. M.: .Vm. J. Syph., Gonor, and Yen. Dis., 31, 27, 1947. 

26. Lehr, D.: Proc. Soc. Exp. Biol, and Med., 58, 11, 1945. 

27. Lehr, D.; Proc, Soc. Exp, Biol, and Med., 64, 393, 1947. 

2S. Levy, L., and McKrill, X.: .-Vreh. Int. Med.. 77, 367, 1946. 

29. Logvn, G. B.. and IIerrkll, W. E.; Proc. Stafl Meet. M.ayo Clinic. 21, 393, 1946. 



14S 


koliier; chemotherapeutic compouxds 


30. MacNeal, W. J., Blevins, A., and McGrath, R.: Arch. Int. Med., 79, 391, 1947. 

31. MacNeal, "W. J., Filak, L., and Blevins, A.: J. Lab. and Clin. Med., 32, 974, 1940. 

32. MacNeal, W. J., Poindexter, C. A., and Marty, F. N.: Am. Heart J., 29, 403, 1945. 

33. Massell, B. F., Meyeserian, M., and Jones, T. D.: J. Bacteriol., 52, 33, 1940. 

34. McSweeney, C. J.; Lancet, 2, 114, 1946. 

35. Ndbsbaum, S., G 00 D.MAN, S., Robinson, C., and Ray, L.: J. Pediat., 29, 14, 1940. 

36. O’Leary, P. A., Ceder, E. T., Hinshaw, H. C., and FELD^LAN, W. H.: Arch. Dermat. and Svph., 
55, 222, 1947. 

37. Schwartzman, G.: Science, 102, 14S, 1945. 

38. Smith, H. V., Duthie, E, S., and Cairns, H.: Laneet, 1, 185, 1946. 

39. Smith, M. I., and McCloskey, W. T.: Pub. Health Rep., 60, 1129, 1945; Proc. See. Exp. Biol, 
and Med., 62, 157, 1946, and 64, 261, 1947. 

40. Soo-Hoo, G.,’and Schnitzer, R. J.: Arch. Biochem., 5, 99, 1944. 

41. Sternberg, T. H., and Leifer, W.: Am. J. SiTih., Conor, and A’’en. Dis., 31, 124, 1947. 

42. Sttvelman, B. P., and Kavee, J.: Ann. Int. Med., 25, 06, 1940. 

43. Sultan, E. H., Jenkins, D. W., and Cutting, W. C.: Arch. Int. Med., 76, 101, 1945. 

44. T’ung, T.: Proc. Soc. Exp. Biol, and Med., 56, 8, 1944. 

45. Ungar, j.: Nature, 152, 245, 1943. 

46. Waring, A. J., Jr., and Smith, M. H. D.; J. Am. Med. Assn., 126, 418, 1944. 



ANGRIST, HOLLOA^: STUDIES OF THE INTESTINE IN SALMONELLA INFECTION 149 
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IN GUINEA PIGS AND MICE 
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AND 
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SENIOR BACTERIOLOGIST, QUEENS GENERAL AND TRIBORO HOSPITALS 
JAMAICA, LONG ISLAND, NEW YORK 

(From the Department of Pathology, Queens General Hospital) 


The pathologic experience with 9 autop- 
sies of patients dying with sporadic sal- 
monella infection at the Queens General 
Hospital during a 4-year period is pre- 
sented in a separate communication,^ with 
bacteriologic and clinical correlation. A 
total of 13 deaths were encountered in 
86 cases of sporadic salmonellosis, with 21 
different organisms. The 3 most common 
organisms were S. cholera suis, S. iyphi 
murmm and S. orienicnhurg, with 11, 20 
and 16 instances respectively. In general, 
the infections with S. orienicnhurg were 
mildest, \vith localization in the gastro- 
intestinal tract, or were completely asymp- 
tomatic. The infections vuth S. cholera 
suis were most severe, w4th a septic picture 
and bacteremia predominating, wdth and 
without seeding foci (Seligmann, Saphra 
and Wassermann'®).’ 

The cases of S. fi/ji/ii murium infection 
occupied an intermediary position be- 
tween these 2 other organisms, ndth both 
gastro-intestinal localization and a ty- 
phoid-like picture occurring as often as 
mild or asymptomatic cases, and an occa- 
sional septic picture. Our autopsy experi- 
ence emphasizes the parallelism of S. fgphi 
murium infection to typhoid infection, 
with its mutable multifarcous s^mdromes. 
In the 9 autopsied cases, there were 
3 deaths due to S. cholera stiis, and 3 due 
to S. ivphi 7nuriitm. The remaining 3 
necropsies showed 8. ncivporf, S. monlc- 
ridro and S. lichffcld, with variable pictures 
described elsewhere. Study of the record- 
ed 17 deaths due to 8. fiiphi murium, on 


file at the Beth Israel Hospital National 
Salmonella Center in New York City, 
rendered available through the kindness 
of Dr. Seligmann, confirms the mimicry 
of typhoid, with gastro-intestinal, septic, 
pulmonary, febrile and cerebral variations 
in symptomatology. Study of the data of 
the 9 cases coming to autopsy in this group 
confirms this impression. 

The broad biologic problem of variation, 
adaptation and reactive tissue changes in 
different hosts seemed best studied unth 
this organism. With this in mind, we 
undertook the study of the morphologic 
reaction in guinea pigs and mice with 
various strains of 8. typhi murium, using 
other salmonella as controls. We desired 
to establish an e.xplanation for the histio- 
cytic tj'phoid-like reaction and the re- 
markable localization of the lesions in 
Beyer’s patehes of the intestine, and to 
attempt the controlled e.xperimental repro- 
duction of this lesion of the intestinal 
Beyer’s patches in the animal. 

Our interest in this subject was stirred 
by the autopsy in 1941 (Grier) which 
showed the typical morphologic gross and 
microscopic picture of typhoid fever. The 
organism cultured from several foci was 
S. Iyphi murium. A feiv months later, 
another patient was admitted with a clini- 
cal picture of typhoid fever, and showed 
this same organism in his blood stream. 
At autopsy, the second case failed to show 
the characteristic h\-perplastic lesions in 
the Beyer’s patches, though the mesen- 
teric li-mph nodes were hyperplastic. The 
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only other instance in which hyperplastic 
Peyer’s patches were found at autopsy 
represented an infection -ndth S. cholera 
suis. This 9 year old child showed also a 
chronic cholangitis -with biliary cirrhosis. 
Another autopsy, ^\^th clinical picture of 
convulsions and coma Avith high tempera- 
ture, also showed hyperplasia of Peyer’s 
patches and mesenterie lymph nodes, and 
yielded iS. typhi mvruim from blood, 
lung and stool. The remaining autopsies 
showed no morphologic alteration in the 
gastro-intestinal tract. The only instance 
in the literature in which the typhoid-like 
morphology was adequately described in 
salmonella infections in the human Avas a 
single instance in a group of 4 deaths due 
to “paratyphoid Breslau” (old terminol- 
ogy for S. typhi vnirinm), recently reported 
liy Neessen and Meckel." 

Material and Methods— Animal Group 1. 

It was felt originally that this tendency to 
localization in the Pej’er’s patches in the 
intestine might be accounted for on the basis 
■of strain A'ariation. To test this hj'pothesis, 
scA’eral strains of S. typhi mxtrivm were fed 
to laboratoi^}' animals; at first guinea pigs, 
rats and mice, and then only guinea pigs 
and mice. In all, 6 strains of S. typhi mnrium 
were used for this purpose (Grier, Thomas, 
1182 B. I., Kaufman B. I., 43030 N. Y. Lab., 
Williams). A total of 53 guinea pigs, 15 
mice and 3 rats Avere studied bj' means of 
serial sacrifice using the strains specified. 
The dosage of organisms giA’cn Avas a mini- 
mum of 0.5 cc. to mice, 2 cc. to rats and 
3 cc. to guinea pigs of a 24 hour broth cul- 
ture. Anal sAA-ab cultures Averc taken rou- 
tinely to rule out any prce.visting salmonella 
infection. 

The tissues AA-erc removed immediately 
upon .sacrificing the animals, cultured, and 
put in formalin and in Zenker's fonnol 
fixative. The organhins Avere rccoA-ercd 
from the e.xact sites that pre.-ented the 
thsuc changes in most .animals. They AA'crc 
embedded in p-araffin, out at 0 mu., and 
staincei AA'ifh hematoxylin and eo=in, Gofxl- 
pasture, Giemsa and ^lacC.alhim stains. 

The .‘■acrifico time A-a.ried from 24 hours to 
12 day.s, and .animal- Avi-re killed Avhen 
obviously ill. In the fixation, jiarticul.ar 
pains Avere t.akcn to obtain fpiick action bj- 
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putting thin slices of solid organs and 
injecting the fixatixTS into the lumen of the 
bowel to the point of distention, and then 
ligating the fi.\atiA-e in situ, followed by im- 
mersion in a minimum of 20 volumes of the 
fixing solution. 

Findings and Interpjjetation. Tlic 
initial group of guinea pigs fed the strain 
of organism obtained from the initial S. 
typhi mvriiim case (Grier) sliOAved remark- 
able localization of inA’olvcmcnt in the 
region of the Peyer’s patches and tlie 
mesenteric lymph nodes, in contrast to 
some of the other organisms. 

The findings in the remaining Auscera 
corresponded to the usual tj'phoid-like 
A’isceral lesions. These original obserA’ii- 
tions have not been corroborated and Iuia'c 
been corrected by subsequent e.xperiments 
in guinea pigs7 Avhich shoAved tliat several 
of the salmonella strains (S. typhi vinrhm, 
Kaufman B. I., 5. enkritidis, and the S. 
typhi mnrivin strain from the second cn.se, 
Thomas Avhich failed to shoAv localized 
lesions in the lymphoid tissue of the hunmti 
gut) can produce such lesions. 

The guinea pig seems best adapted for 
the study for sue!) localizing lesions Avilh 
8. typhi mnrhnn, though the mouse sIioavs 
this identical tendency AA’ith the cntcritidis 
organisms and occasionally Avith a typhi 
murium strain. Tlie Peycr’s patches in 
the guinea pig are easily ohscrA’cd for 
early changes. Possii)Iy the guinea pig 
has a degree of resistance avIiicIi seems to 
faA'or such localization in Peyvrs patches. 
Very feAv morjrhologic studies of .snlmo- 
nella infection in guinea pigs are available. 
Dutliie anil Mitchell' found early miliary 
tAibcrclc-iikc lesions in the viscera mth 
only a fcAV case.s .slioAving s'velling and 
grayish appearance in Peyer s jiateiies. 
Tlie morphologic clianges in the rat and 
the innu.se liaA'c been .sfiulicd, partiinlarly 
by Waldman and llostnAA'a/' but thf 
changes in tlie guinea pig liave Ik-cii 
neglected. Mu^t aiitliors lia'.-c rifalt aaiiIi 
the bactcrioingic and serologic a'.ffcci- of 
thh problem (t)r->kov and ro-i^orkiTs,^ ' 
anil ?''ifrert ami hi.- eo-workcr.i," and 
others). 
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The morphologic lesions were studied (Figs. 1, 2, 3 and 4). Areas of catarrhal 
by serial sacrifice of animals at 24, 48 and exudate appear in isolated crypts in the 
72 hours, and then at 6, 7, 10, 12 days Peyer’s patches with a few polymorpho- 
and later. Changes were found with dif- nuclears and monocytes present. Large 
ferent strains at different times. With mononuclear cells appear in Peyer’s patch- 
the original Grier strain, changes were es proper, locally and diffusely. Poly- 
found within 24 hours, and well developed morphonuclear exudate appears at the 
alterations of Peyer’s patches within 48 margin of lymph follicles or beneath the 
hours. Some of the illustrations will epithelium. The polymorphonuclear cells 
demonstrate the varying stages of evolu- accumulate to form micro-abscesses ; these 
tion of the alteration in the Peyer’s patches erode through the epithelium and give 



Fig. 1. — Cross-section of lower small intestine through Peyer’s patch of guinea pig, showing marked 
involvement with a tendency to localization in Peyer’s patcl). 
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rise to ulceration, with a fibrinocellular 
exudate on the surface. In the later 
stages, polymorphonuclear cells are par- 
ticularly prominent. In the earlier stages 
monocytes, or the histiocytes so charac- 
teristic of typhoid reaction, are prominent. 
Typhoma-like nodules were seen in the 
Peyer’s patches and in the mesenteric 
lymph nodes. 

The distribution of bacteria was studied 
in the varying stages of invasion and 
evolution of the lesion. We could not 


of the mesenteric nodes was noted. A 
labilization of monocytes in the sinusoids 
and a proliferation of reticulum cells in 
the lymph node proper occurred rapidly 
(Fig. 5) and in considerable abundance. 
The tendency to focal necrosis and micro- 
abscess was a bit more marked in the 
lymph node. Occasionally tubercle-like 
structures, with maturation of monocyte 
cells to give an epithelioid appearance, 
with and without central necrosis or 
micro-abscesses and giant cells, were seen 



Fig. 5.— HiRhci m.ip:nification, showinu epithelioid chaiactei to the peripheral mononuclear exudate. 


confirm the work of Goodpasture® as to 
tlte intracellular symbiosis of the organism 
with the plasma cell or the monocyte. 
The organism was found as frequently 
in polymorphomiclcar cells as in mono- 
cytes, and was often seen between the 
cells in the early and late stages. Good- 
pasture's observation that the epithelium 
was rcsisttint to bacterial invasioti would 
seem definitely confirmed. The epithe- 
lium never showed organisms unless over- 
growm. This in the main agrees with the 
findings of Florey.® 

Tiiroughout the above changes in the 
Foyer's patches, a parallel transformation 


(Fig. 6). .Acid-fast stains were negative. 
The resemblance to the “typhoid reac- 
tion” in the human was compelling. 

Discussion’. It was thought originally 
that the histologic response observed might 
be due to a peculiarity of the antigenic 
structure of S. iypM imirhnn. It was felt 
that possibly the XII somatic antigen, of 
the Kaufman-White schema, which S. 
typhi murinm has in common with the 
typhoid group of organisms, might be 
accountable for this type of reaction, in 
the same sense as the chemical fractions 
of the tubercle bacillus have ^k’ielded spe- 
cific morphologic reactions. This seemed 
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at first to he home out hy tiie lijulitij; of 
similar lesions with 2 strains of enteritKlis, 
which organisms jinssess tiie Xll somatic 
antigen, and tlie i)arallel failure of the 
infection with 8. miinu'hm ami .s', lirht- 
Jvhl, both of which strains do not 
the somatic smtigen Xlf, to give such 
localized lesions in the ileum. The latter 
ohservations need verification, hecatise a 
total of only 0 guinea pigs were used for 
the Ikhlfdd strain anci .'i for the .S’. 
muenrhnu It is our impression that in 
any series of animals injcctcfl with strains 
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matter further, for collateral evidence 
give.i l)elnw seemed to rule out its signifi- 
cance. 

1 he failure of aldman to produce le- 
sions in I’eyer’s patches in mice with S. 
nrhollmwllrri (para B) which also possesses 
somatic XII antigen, as docs S. cnlcrilidis 
whhdi pnjdiiccd the lesion in as high as 
S0% of the mice, seemed contrary to the 
intiimitioti of this interpret.ation of these 
experiments. Also Pike and ^MacKenzie 
Pike atid Swinney,” Roivinv’^ and others 
have indicated that the m:ijor detcrmin.ant 



Fig. 6. — Bpithclioid and tuborclo-liko re.-sponse in the mesenteric lympit nodes. Xote the giant 

cells present. 


of S. typlii murium or other salmonella 
organisms, a group of 6 animals might 
be found which will fail to give the 
localizing reaction in the Peyer’s patches. 
Pike and Alaclvenzie'" have shoum that 
large differences in virulence of strains 
will not be apparent, if tested in highly 
susceptible animals over a narrow range 
of doses, and this presumably applies to 
the morphologic reaction. A larger series 
of animals should be used before ruling 
out any particuhar tj^je of morphologic 
reaction or giving a commanding position 
to any one demonstrated variant of tissue 
response. We have not pursued this 


of v’irulence and infectivity of some mem- 
bers of the salmonella group isserologiciilly 
negative. Dr. Saphra informs me that no 
antigenic component, including the Vi 
factor, is definitely associated with patiio- 
gcnicity in his experience. The possi- 
bility that a particularly high titer of 
somatic XII antigen in the Grier str.mn 
might be significant w.as considered. This 
was ruled out by Dr. Seligmann and 
Dr. Saplma, who observed that the Grier 
strain, which gave us our best localization 
in Peyer’s patches, showed, if northing, a 
lower titer of the somatic XII component. 

The mechanism involved in the produc- 
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The increasing popularity of anticoagu- 
lant therapy has led to extensive clinical 
use of dictimarol, a drug whose therapeutic 
effect is achieved by reduction of the plas- 
ma prothrombin concentration. Safe and 
effective administration of this agent is 
entirely dependent upon repeated quan- 
titative determinations of the plasma pro- 
thrombin content. The only available 
method for this measurement suitable for 
routine clinical application is the Quick 
test® or one of its modifications. In this 
test prothrombin concentration is esti- 
mated by measuring the rate at which 
o-xalated plasma clots at body temperature 
after addition of thromboplastic substance 
and calcium. Unfortunately, the clotting 
time is influenced not only by the amount 
of prothrombin present but also by other 
plasma components, by the concentration 
of the solution used for recalcification, 
and particularly by the nature of the 
tliromboplastin employed.® I’llien a stand- 
ard technique is used, a hjqierbolic rela- 
tionship exists between clotting time and 
prothrombin concentration.® However, 
the form of the hj'perbola is extremely 
variable and is determined by the nature 
of the thromboplastin, the calcium con- 
centration, and the nature of the substrate 
in which the prothrombin is dissolved. 
Expression of the result of a prothrombin 
test in terms of “prothrombin time” is 
therefore meaningless unless the exact 
method used and the curve depicting the 
relationship between prothrombin time 
and prothrombin concentration for that 


particular method are knorni. The e.x- 
pression of the result of the test in terms 
of its relationship to the clotting time of 
a normal plasma, the so-called "prothrom- 
bin index,” is equally without meaning. 
Two very similar thromhoplastins which 
give the same clotting times for a normal 
plasma may gi\'e Y’ery different results 
for an abnormal plasma.’ 

There is no agreement on the proper 
method of standardizing the prothrombin 
test, although the necessity for careful 
standardization is now fully appreciated.*’’ 

In order to make the test quantitative, 
most investigators compare an unknomi 
plasma with that dilution of a normal 
plasma which gives the same clotting 
time, expressing the result in terms of 
% of the normal prothrombin concentra- 
tion. That this method is satisfactory 
for clinical use is suggested by the fact 
that large numbers of patients have been 
apparently’' successfully treated with di- 
cumarol. However, even when this tech- 
nique is employed, the question remains 
whether slightly different methods yield 
comparable results. The purpose of the 
present study was to determine whether 
prothrombin concentration when calcu- 
lated in this way is independent of the 
thromboplastin used in the test. 

Methods. Studies were made on fresh 
plasmas obtained from human subjects and 
normal dogs, and from human patien'te an 
dogs receiving dicumarol. Blood was dra'wn 
into a dry syringe rvith care to preven 
clotting or hemotysis and was immediately 
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mixed with 0.1 M sodium oxalate in the 
proportion of 9 to 1. The supernatant 
plasma was removed after centrifugation. 
Prothrombin-free plasmas were prepared by- 
suspending barium sulfate powder or alumi- 
num hydroxide cream in plasma, incubating 
at 37.5° C. for 10 minutes, and then remov- 
ing the barium or aluminum salt by cen- 
trifugation. Prothrombin-free dog plasma 
was obtained by repeated administration of 
large doses of dicumarol to dogs until the 
plasma became incoagulable. The absence 
of prothrombin from these plasmas was 
demonstrated by the lack of clot formation 
on addition of thromboplastin and calcium. 

Acetone-treated rabbit brain thrombo- 
plastin emulsion was prepared according to 
the method of Brambel.® This preparation 
will henceforth be referred to as thrombo- 
plastin A. Two commercial tissue thrombo- 
plastins were used and were prepared in ac- 
cordance with the instructions pro-vided by 
the manufacturers. Bacto thromboplastin* 
will be referred to as thromboplastin B, and 
Maltine thromboplastin f as thromboplas- 
tin M. Russell viper venom (Stypven) t was 
employed as a 1 to 10,000 solution either in 
0.5% phenol or in 0.85% sodium chloride. 

All prothrombin time tests were performed 
according to a standard procedure. One- 
tenth cc. of the plasma to be tested was 
introduced into a 10 by 44 mm. test tube. 
One-tenth cc. of a thromboplastic prepara- 
tion was added and the tube was placed in 
a water bath at 37. 5° C. After several 
minutes 0.1 cc. of 0.025 M calcium chloride 
solution was blown into the tube and simul- 
taneously a stop-watch was started. The 
prothrombin time was considered to be the 
interval between the addition of calcium 
chloride and the first indication of clot 
formation observed on tilting the tube. All 
determinations were made in duphcate. 

Serial dilutions of normal plasmas were 
made and the prothrombin time of each 
dilution was determined with each thrombo- 
ifiastin. The diluents emploj'ed were 0.85% 
sodium chloride, oxalated saline prepared 
by mixing 9 parts of the sodiiun chloride 
solution with 1 part of 0.1 hi sodium oxalate, 
and prothrombin-free plasmas prepared by 
the methods described above. In order to 
ensure absolute comparability of the results, 


a Bufl&cient quantity of each thromboplastin 
was prepared in one lot for an entire experi- 
ment. In each experiment a single normal 
plasma was used for making all of the dilu- 
tions. Curves were constructed showing the 
relationship between prothrombin concen- 
tration (f. e., plasma dilution) and clotting 
time for each thromboplastin and for each 
diluent. Plasmas from patients receiving 
dicumarol were tested with portions of the 
same thromboplastic emulsions or solutions 
which had been used to establish these 
curves. By reference to the appropriate 
curve, the prothrombin content of the hypo- 
prothrombic plasmas was estimated in terms 
of % of normal. 

Results. Simultaneous Estimation of 
the Prothrombin Concentration of Human 
Hypoproihrombic Plasmas With 4- Throm- 
boplastins, Using Saline as a Diluent. A 
normal human plasma wms serially diluted 
with 0.85 % sodium chloride solution. 
Prom the clotting times obtained with 
each dilution, activity curves of the vari- 
ous thromboplastins were constructed. 
When these curves were cornpared, they 
were found to differ considerably from 
each other. The curves for thromboplas- 
tins A and M are shown in Figure 1. 
Tlvromboplastin A produced the greatest 
changes in clotting time for small changes 
in prothrombin concentration. Results 
obtained Avith thromboplastin M, on the 
other hand, showed the most asympto- 
matic relationship between clotting time 
and plasma dilution. After these curves 
had been established, the same tlnrombo- 
plastic preparations wdiich had been em- 
ployed to produce them \vere then im- 
mediately used to determine the pro- 
thrombin times of undiluted plasma from 
patients receiving dicumarol. With each 
clotting time obtained, reference was 
made to the appropriate actixnty curve 
and the result expressed in terms of % of 
normal prothrombin concentration. Table 
1 combines the result of 5 experiments and 
show's some typical comparisons. 

It is clear that when prothrombin con- 


* Difeo Laboratories, Detroit, Michijran. 
t Tlic Maltine Company, New York, New York. 

t The tVcllcomc PhysioloKic.al Research Laboratories, Beckenham, EnRland. 
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cenlrations of hypoprothroinl)ic plasma 
were estimated using thromhoplastin M, 
the results usually indicated concentra- 
tions much lower than those obtained 
with the other thromboplastins. Stypvcn 
often gave values very much higher than 
the tissue extract thromboplastins. On 
some occasions clotting times obtained 
with Stypven were normal when results 
with other thromboplastins inriicated se- 
vere prothrombin deficiency. 

Compnrixon of Saline and Prolhromhin- 


frer Plasmas as Diliicnls for Normal Bog 
Plasma. Experiments were performed on 
dogs to determine whether the discrep- 
ancy which had been observed between 
the results obtained with different throm- 
boplastins coidd be explained by the 
use of saline as a diluent in con- 
structing the reference curves. Fresh in- 
coagulable blood from dogs treated ■ndth 
large doses of dicumarol was oxalated in 
the usual fashion. The plasmas obtained 
were used for preparing serial dilutions of 



(PER CENT) 

Fio. 1 . — Clotting times of saline and barium plasma dilutions of a normal human plasma T\’ith 

thromboplastins A and M. 


Table 1. — Prothrombin Concentrations of Plasm,\s Obtained Prom Patients Rec 
Dicumarol, Expressed as % of Normal as Determined bt 
4 Thromboplastins Using Saline Dilution Curves 


Patient 
1 . 
2 . 

3 . 

4 . 

5 . 

6 . 

7 . 

8 . 
9 . 

10 . 
11 . 
12 . 

13 . 

14 . 

15 . 


Thromboplastin 


A 

B 

M 

Stypven 

12 

10 

< 5 

25 

25 

30 

<10 

50 

25 

25 

10 

40 

25 


<10 

30 

20 


<10 

30 

20 

18 

<10 

40 

60 

45 

25 

60 

38 

25 

<10 

36 

32 


18 


19 


10 


50 


35 


42 


25 


20 


10 


17 

14 

14 

100 

30 

20 

15 

100 
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normal dog plasma. The clotting time 
of each dilution was determined with each 
thromboplastin. If dicumarol affects only 
prothrombin, it could be reasonably as- 
sumed that the only significant variable 
in these plasma dilutions was the pro- 
thrombin concentration. Parallel deter- 
minations were made at the same time 
using as diluents saline, oxalated saline, 
and dog plasma treated vdth barium sul- 
fate and with aluminum hydroxide. 

^^Tien dicumarolized (prothrombin-free) 
dog plasma was used as a diluent, a quite 
different clotting curve was obtained than 
when saline was used. When barium sul- 
fate treated dog plasma was employed as 
a diluent, the results very closely approxi- 
mated those obtained with dicumarolized 
dog plasma. On the other hand, when 


the normal plasma was diluted with alu- 
minum hydroxide treated plasma, the 
clotting times approximated those ob- 
tained with saline. Dog plasma diluted 
with oxalated saline gave essentially the 
same clotting times as when saline was 
used as a diluent. Figure 2 shows some 
of these results. With all of the thrombo- 
plastins tested, saline dilutions below 
about 15% gave clotting times which ex- 
ceeded those obtained with corresponding 
dilutions with prothrombin-free plasma. 
This was probably a result of the reduced 
concentration of other plasma components 
including fibrinogen in the saline dilu- 
tions.® The curves obtained with throm- 
boplastin M are of interest in that saline 
dilutions of dog plasma above 15% gave 
slightly shorter clotting times than did 
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THROMBOPLASTIN ’M" 

diluents: 

DICUMAROLIZED DOG PLASMA 

(PROTHROMBIN FREE) 

0.85 P-C SODIUM CHLORIDE 

SOLUTION 



THROMBOPLASTIN "A" 

diluents: 

DICUMAROLIZED DOG PLASMA 

(PROTHROMBIN FREE) 

BARIUM SULFATE TREATED 

DOC PLASMA 

aluminum hydroxide treated 

DOC PLASMA 

0.85 P-C SOOlUM CHLORIDE 

SOLUTION 


I 




100 


25 50 75 

CONCeATMTIOU OF NORMAL DOG PLASMA 
{ PER CENT ) 

Fir.. 2. — Two experiments sliowinc clottinp: time concentration curves for doc plasma usinc several 

diluent.': and 2 tliromlxiplastins. 
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trifugation and absorbed a portion of tbe 
prothrombin of the plasma being diluted, 
thus prolonging the clotting time. With 
tlnomboplastin A the barium plasma 
dilutions always gave shorter clotting 
times than the corresponding saline or 
aluminum plasma dilutions. 

A small amount of blood was obtained 
from an infant mth hemorrhagic disease 
of the newborn. The prothrombin time 
of the plasma from this patient, deter- 
mined with tlrromboplastin A, was 570 
seconds. This virtually prothi'ombin-free 
plasma was used as a diluent for the 
normal plasma being tested. The clotting 
times of the normal plasma so diluted 
were found to be identical with the clot- 
ting times of the same normal plasma 
correspondingly diluted with barium plas- 
ma (Table 2). Barium sulfate-treated 
plasma thus appeared to be a suitable 
prothrombin-free plasma for use as a dilu- 
ent. Pro^dded that enough barium sulfate 
was used to remove all of the protlmom- 
bin, variations in the quantity of barium 
sulfate employed had no demonstrable 
effect. 


thromboplastins A, B and M. Results 
are sho'wn in Table 3 (see also Fig. 1). 
The curves for tlrromboplastins A and M 
were almost superimposable when barium 
plasma was employed as a diluent. When 
saline Avas used, however, the clotting 
times of the various dilutions were rela- 
tively prolonged . for thromboplastin A 
and relatively shortened for thrombo- 
plastin M. Saline dilution thus affected 
the action of these 2 thromboplastins in 
exactly opposite ways. This suggests that 
there are components of plasma other 
than protlxrombin which accelerate the 
clotting action of tlrromboplastin A and 
which inhibit thromboplastin M. These 
observations were confirmed in 5 separate 
experiments using several different lots of 
the thromboplastins and several normal 
plasmas. 

Prothrombin times of plasmas from 
patients receimng dicumarol rvere then 
determined with each thromboplastin and 
the prothrombin concentrations calcu- 
lated in terms of % of the normal. As in 
previous experiments, portions of the same 
thromboplastic preparations which had 


Table 3.— Prothrombin Clotting Times, Exbressed in Seconds, of Serial Dilutions of a Normal 
Human Plasma Using 0.85% Sodium Chloride and Barium Sulfate 
Treated Plasma as Diluents* 

Concentration of normal plasma (%) 


Thromboplastin 

‘ I 

■ I 

M I 


Diluent 

100 

50 

40 

30 

20 

10 

5 

2.5 

Saline 

16 

24 

•• 

35 

47 

lOS 



Barium plasma 


21 


25 

30 

49 

88 


Saline 

14 

20 

23 

25 

28 

66 

>200 


Barium plasma 


17 

18 

21 

25 

38 

54 

120 

Saline 

14 

16 

18 

19 

22 

41 

94 


Barium plasma 


19 

21 

25 

33 

55 

87 

167 

boplastins. A, B and M -vrere 

employed. 







SimnUancous Esiima{{o7i of the Pro- 
fhromhin Cojiccnirafion of Hvman Hypo- 
prothromhic Plasmas with 3 Tlirovihoplas- 
fios, Z/smg Proihromhin-frcc Plasma as a 
Pihiait. Clotting time-prothrombin con- 
centration curves of a single normal 
human plasma using saline and barium 
plasma as diluents were prepared for 


been used to establish the clotting time- 
concentration curves were employed ta 
test tlie hypoprotlirombic plasmas. 

The calculated protlnrombin percentages 
of the hA-poprothrorabic plasmas when 
determined with tliromboplastin A or B 
were lower AA'hen barium plasma was used 
as a diluent in constructing the reference 
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curves than when saline was used. Witli 
thromboplastin M the converse was true. 
Tlie prothrombin concentrations calcu- 
lated from the barium plasma curves for 
the different thromboplastins showed close 
agreement in only about 50% of the 
plasmas studied. In the remainder, tlirom- 
boplastin IM now gave results distinctly 
higher than those obtained with thrombo- 
plastin A, a difference which was opposite 
in direction to that observed when saline 
dilutions were used (Table 4). 


prepared from the blood of a patient who 
was recei^^ng dicumarol had a definite 
clot retarding effect and behaved as if it 
contained an anticoagulant (Table 5, 
Patient 10). However, barium plasmas 
from 9 other dicumarolized patients, some 
of whom liad more severe degrees of 
hypoprothrombinemia, gave essentially 
the same results as barium treated normal 
plasma. Thus no e\adence was obtained 
that dicumarol significantly affected any 
plasma component other than prothrom- 


Tadlb 4. — Prothrombin CoNCE.vTn.^Tio.\s of Plasmas Obtained From Patients Recewing 
I?xeu.WAHOL, Esti.mateo From Bario.m Plas.ma and Saline Dilution Curves* 

Plasma prothrombin concentration 
(% of normall 


Patient 

Thromboplastin 

Estimated from 
barium plaama 
dilution curv'e 

Kstimated from 
saline dilution 
curve 

1 . . 

, . . . A 

9 

17 


M 

23 

14 


B 

S 

14 

2 . . 

. . . . A 

17 

30 


M 

25 

15 


B 

17 

20 

3 . . 

. . . . A 

S 

16 


M 

21 

16 

4 . . 

. . . . A 

13 

23 


M 

12 

8 

5 . . 

. . . . A 

12 

20 


M 

14 

9 

6 . . 

. . . . A 

10 

23 


M 

22 

IS 

7 . . 

. . . . A 

22 

38 


M * 

24 

20 

8 . . 

. . . . A 

12 

'25 


M 

17 

13 

9 . . , 

. . . . A 

25 

41 


M 

24 

20 

10 . . . 

, . . . A 

22 

38 


M 

24 

20 


* Thromboplastins A, B and M were used. 


Prothrombin-free Plasmas From Different 
Human Sources Used as Diluents for a 
Normal Plasma. Barium plasma was pre- 
pared from the blood of normal individ- 
uals, patients receiving dicumarol and a 
small group of patients with various dis- 
eases. "ViTien these barium plasma were 
used concurrently as diluents for the same 
normal plasma, superimposable clotting 
time curves were generally obtained 
(Table 5). In 1 instance barium plasma 


bin. In 2 experiments barium plasma was 
prepared from the blood of the dicumarol- 
ized patients being studied, and these 
barium plasmas were used as diluents for 
a normal plasma to construct the activitj 
curves for tliromboplastins A and M- 
Even when this was done, determinations 
■with thromboplastin M jdelded prottoom- 
bin concentrations approximately tnace as 
high as -ndth thromboplastin A for these 
2 patients. 
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Effect of Changes in Concentration on the 
Activity of a Thromboplastin. Having 
demonstrated the lack of comparability 
of different thromboplastins we next stud- 
ied the alterations in behavior of a single 
thromboplastin resulting from changes in 
its concentration. Only thromboplastin A 
was included in this experiment. A 
standard thromboplastic emulsion A was 
serially diluted vdth saline and each of 


the diluted preparations was employed to 
determine the prothrombin time of the 
following: normal plasma, the same nor- 
mal plasma diluted to 20% with saline, 
normal plasma diluted to 20% wth bar- 
ium plasma, and undiluted plasma from 
2 patients receiving dicumarol. The re- 
sults are shoAra in Figure 3. Dilution of 
the thromboplastin to as low as 25% of 
its original concentration had a very slight 


Table 5. — Clotting Times in Seconds of 20% and 10% Dilutions of Normal Human Plasma, 
Using as Diluents Barium Sulfate Treated Plasmas From 10 Patients, 

8 or Whom Were Receiving Dicumarol 

Concentration of normal 
human plasma 



Thromboplastin 

Source of barium plasma 

100% 

20% 

10% 

Exp. 1 

A 

Normal subject 

16 

36 

58 



Patient 1 (dicumarol) 


39 




Patient 2 (dicumarol) 


37 




Patient 3 (dicumarol) 


43 




Patient 4 (dicumarol) 


43 




Patient 5 (dicumarol) 


39 




Patient 6 (dicumarol) 


39 


Exp. 2 

A 

Normal subject 

19 

40 

61 



Patient 7 (postoperative laparotomy) 


39 

66 



Patient 8 (hyperglobulinemia) 


42 

64 

Exp. 3 

A 

Normal subject 

17 

34 

54 



Patient 9 (dicumarol) 


37 

66 



Patient 10 (dicumarol) 


•63 

114 

Exp. 4 

M 

Normal subject 


29 

44 



Patient 9 (dicumarol) 

16 

28 

42 



Patient 10 (dicumarol) 


68 

97 



( PER CENT OF ORIGINAL CONCENTRATION ) 

Fig 3. — Effect of alterinp the conceiitr.'ition of thronilioplastin A on the clotting time.- obtained 
with nomtal, hypoprothrombic nnd diluted placni.as. 
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clot-accelerating effect on all of the 
plasmas tested except the one diluted with 
saline, which showed marked shortening 
of the clotting time. With further dilu- 
tion of the thromboplastin below 25% 
the clotting times of all of the plasmas 
became increasingly prolonged. The 20% 
plasma in saline gave a longer clotting 
time than any of the other plasmas being 
tested when the standard undiluted throm- 
boplastin A was used; but with a G.25% 
thromboplastin, it gave a clotting time 
shorter than those of the other plasmas. 
Thus thromboplastin A, when diluted to 
0.25 % gave results which resembled those 
prc\’iously obtained with thromboplastin 
M, i. c., plasma diluted with saline gave 
a shorter clotting time than when equally 
diluted with barium plasma. As a matter 
of fact, in this particular case 20 % normal 
plasma in saline gave about the same 
clotting time as the normal undiluted 
plasma. 

Discussion. The necessity for standard- 
ization of the prothrombin test has been 
emphasized in clinics where dicumarol is 
being used.^'^ Allen^ has recently called 
attention to the need for expression of the 
results of prothrombin tests in terms 
Avhich will make comparison of the results 
of different investigators possible. It has 
apparently been generally assumed that 
if results of the tests are expressed in 
terms of % of normal prothrombin deter- 
mined by reference to clotting time-dilu- 
tion curves of normal plasma, such com- 
parability can be achieved. Our studies 
show that this is not ti-ue. When the 
prothrombin concentration of plasma from 
a patient receiving dicumarol is estimated 
by methods which are identical except 
for variations in the nature or quantity of 
thromboplastic substance used, grossly 
different results may be obtained. One 
thromboplastin may regularly give ap- 
parent prothrombin concentrations lower 
than those obtained with another throm- 
boplastin. 

The studies which have been presented 
shed some light on the cause of this dis- 
crepancy. The reaction of thromboplastin 


until prothrombin is apparently very com- 
plex, and both plasma and thromboplastic 
preparations appear to contain clotting 
accelerators and inhibitors whose inter- 
action, as well as the prothrombin con- 
centration, affect the result of the test. 
The presence of unknoum factors in plasma 
which may influence the rate of clotting 
has been suggested by other investigators.* 
In our e.xperiments the action of thrombo- 
plastin A was found to he enhanced by 
prothrombin-free plasma, so that when 
such plasma was used to dilute normal 
plasma, shorter clotting times were ob- 
tained tiian when saline was used as a 
diluent. On the other hand, thrombo- 
plastin M appeared to be inhibited by 
prothrombin-free plasma, and the use of 
saline as a diluent gave shorter clotting 
times. On the basis of these results it is 
apparent why prothrombin concentrations 
calculated from saline dilution curves are 
regularly higher for thromboplastin A 
than for thromboplastin M. 

This discrepancy tlieoretically should 
be overcome if an ideal prothrombin-free 
plasma could be used as a diluent in con- 
structing tbe activity curves. Such a dilu- 
ent should he identical noth the plasma 
being tested except for lack of prothrom- 
bin. In an attempt to obtain such a 
diluent we have used plasma from which 
the prothrombin has been removed by 
treatment with barium sulfate and alumi- 
num hydroxide, plasma from dogs rend- 
ered prothrombin-free with dicumarol, and 
plasma from an infant with hemorrhagic 
disease of the newborn. Comparison of 
the results obtained with these plasmas 
show that in dogs, barium sulfate-treated 
plasma closely resembles the plasma ob- 
tained after administration of sufficient 
dicumarol to render the blood incoagul- 
able. Human barium plasma could not 
be distinguished from the plasma ob- 
tained from a severely prothrombin defi- 
cient infant. Aluminum hydroxide-treated 
plasma, on the other hand, is not compar- 
able to the prothrombin-free plasmas 
prepared in other ways and seems to have 
a slight clot-retarding action. 
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On estimating the prothrombin concen- 
tration of a hypoprothrombic plasma using 
several thromboplastins and their appro- 
priate barium plasma reference curves, a 
discrepancy between the results obtained 
frequently persisted. This observation 
suggests that (1) barium plasma differs 
in an obscure way from an ideal prothrom- 
bin-free plasma, (2) dicumarol alters pro- 
thrombin qualitatively so that it responds 
differently to different thromboplastins, 
or (3) dicumarol alters some other plasma 
component which affects various tlmombo- 
plastins differently. 

We were unable to demonstrate a sig- 
nificant difference between plasmas treat- 
ed with barium sulfate and plasmas lack- 
ing prothrombin as a result of phj'^siologic 
disturbance. We have not shovm that 
the prothrombin which remains in the 
blood after administration of dicumarol 
is altered in any way, but this remains 
a theoretical possibility. Finally, on 
comparing barium plasma obtained from 
a number of sources including the blood 
of dicumarolized patients, we were unable 
to demonstrate any difference between 
the prothrombin-free plasmas of patients 
receiving dicumarol and the plasmas of 
normal individuals similarly treated. We 
did find definite evidence of the presence 
of an anticoagulant in the barium plasma 
from 1 patient, but the nature of the clot- 
retarding component of this plasma was 
not determined. We feel that this isolated 
finding is sufficiently stimulating to war- 
rant a systematic study of barium plasmas 
from patients with various diseases to 
determine their effects on the clotting time 
of normal plasma. It is possible that 
alterations in clot-inhibiting and clot- 
accelerating mechanisms might be demon- 
strated in that way. It would be of great 
interest to study barium plasmas from 
patients predisposed to thrombosis to 
determine whether a clot-accelerating prop- 
erty can be demonstrated. It is possible 
that the “hyperprothrombinemia” report- 
ed by some investigators'" in such cases 
might be shovm to be the result of the 


presence of a clot-accelerator in protlu-om- 
bin-free plasma. 

There is no doubt that prothrombin- 
free plasma may contain substances apart 
from fibrinogen which have important 
effect on the rate of clotting. The accel- 
erated clotting of dog plasma as compared 
with human plasma is caused by such a 
factor. This clotting accelerator in pro- 
tlmombin- and fibrinogen-free dog plasma 
was found to withstand heat at 56° C. 
for 5 minutes and to be destroyed at 
65° C. It had an amazingly potent clot 
accelerating action on normal, hypopro- 
thrombic and hemophilic human plasma. 
The nature of this factor is unknown. It 
has been considered by Quick'® to be 
"prothrombin A” but it seems unlikely to 
us that it should be classified wdth pro- 
thrombin at all. Further studies are in 
progress to determine its nature. Prob- 
ably a similar substance is present in 
human plasma in lower concentration. 
The relatively prolonged clotting times of 
high saline dilutions of plasma as com- 
pared with protlu-ombin-free plasma dilu- 
tions, are probably due to lack of this 
factor as well as to the decreased fibrinogen 
concentration. 

Our studies clearly show that results 
obtained vnth different tliromboplastins 
are influenced in different ways by factors 
other than protlnombin. Stypven in par- 
ticular seems to be subject to influence 
by other plasma components. The work 
of Rapoport" suggests that plasma com- 
ponents other than prothrombin affect 
clotting times obtained vdth Stypven. 
We have repeatedly found that some 
plasmas which appear to be severely h\q)o- 
prothrombic when tested with tissue 
thromboplastins give normal clotting times 
vdth Stj-pven. This may occur whether 
the prothrombin-deficient plasmas are ob- 
tained from patients with jaundice or from 
patients recei\nng dicumarol. SU-pven 
gave results which were not consistently 
related to the results obtained with tissue 
thromboplastins. For these reasons we 
consider Stypven to be an unsatisfactory 
thromboplastin for use in the prothrombin 
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tost. If used to control dicmnarol ther- 
apy, it apparently could be dangerous. 

The tissue extract preparations which 
were st\ulicd, when prepared in a standard 
way, gar’e results wJiich ^vhilc not at all 
comparable, at least showed consistent 
differences. It is not knomi how much 
these differences depend on qualitative 
and how much on quantitative variations 
in the thromboplastins. However, when 
merely the concentration of a single 
thromboplastin was altered, divergent 
results were obtained. This can be ex- 
plained only by assuming that the throm- 
boplastin contained both clotting accelera- 
tor and clotting inhibitor factors which 
were differentially affected by dilution. 
In tliromboplastin A the clotting inhibitor 
was rendered less effective when the throm- 
boplastin was diluted, so that clotting 
times obtained vdth the diluted thrombo- 
plastin were shorter than those with the 
original preparation. This clotting inhibi- 
tor in thromboplastin A was opposed by 
some component of plasma, so that when 
clotting times of whole plasma were deter- 
mined, the times were shorter than when 
saline dilutions of plasma were used, even 
though the prothrombin concentrations 
were the same in both instances. After 
dilution of the thromboplastin, this pro- 
longation of the clotting time of saline- 
diluted plasma no longer occurred. Thus 
the difference between the clotting times 
of a plasma equally diluted with prothrom- 
bin-free plasma and with saline may be 
in part the result of an effect ■ on the 
thromboplastin itself of the difference in 
plasma concentration. 

It is apparent that the results of pro- 
thrombin tests performed in one laboratorj' 
cannot be compared to results obtained 
elsewhere. Even when thromboplastin 
from the same source is used, the results 
may not be comparable. t^Tien different 
thromboplastins are employed, comparison 
of results is difficult if not impossible. The 
order of magnitude of the discrepancies 
between different methods is not small. 

Caution should be used in interpreting 
the results of a test which is subject to 


the influence of so many variables. Altera- 
tions in the prothrombin time do not 
necessarily imply changes in prothrombin 
concentration. In assessing the effects of 
drugs and other agents on the prothrom- 
bin concentration, the possibility that 
something other than change in prothrom- 
bin is causing the change in clotting time 
should always be home in mind. Refine- 
ments of the prothrombin test designed 
to increase its sensitivity, such as the use 
of saline dilutions of plasmas being tested, 
must be regarded with some skepticism. 
When plasma is mixed with saline, much 
more than simple dilution of prothrombin 
occurs. Accurate interpretation of results 
so obtained requires more knowledge than 
we har-e at the present time. 

Summary. Tlie prothrombin concen- 
trations of liypoprothrombic plasmas were 
determined, using a standard adaptation 
of Quick’s method and 4 different throm- 
boplastic preparations. When these pro- 
thrombin concentrations were estimated 
by reference to saline dilution-clotting 
time curves of normal plasma, markedly 
different results were obtained vdth the 
different tlwomboplastins. I\Tjen pro- 
tlirombin-free plasma was used as a dilu- 
ent instead of saline, agreement between 
the results obtained with some of the 
tliromboplastins w’as improved, but it was 
not possible to obtain strict comparability'. 
Emdence w^as obtained that normal plasma 
contains factors other than prothrombin 
w'hich affect different tlwomboplastins in 
different ways. Prothrombin-free plasma 
contains factors other than fibrinogen 
which may' have an important effect on 
the rate of clotting. Thromboplastic 
preparations themselves may contain both 
clot-accelerating and clot-inhibiting com- 
ponents. The exceedingly complex nature 
of the interaction between thromboplastin 
and plasma was demonstrated. 

At present it appears to be difficult if 
not impossible to compare prothrombin 
levels reported from one laboratory with 
those obtained in another. Unless steps 
are taken to make the results of prothrom- 
bin tests more comparable, some of the 
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value of the extensive clinical studies of 
dicumarol now being conducted ndll be 
lost. A thromboplastin should be selected 
which is least affected by variations in 
plasma components other than protlxrom- 
bin. The use of prothrombin-free plasma 


as a diluent in constructing reference 
curves is an essential step toward achiev- 
ing comparability. Under the best of 
circumstances, results obtained with dif- 
ferent prothrombin methods apparently 
cannot be made to give perfect agreement. 


We wish to express our gratitude to Dr. Beverly H. White, Department of Surgery, wlio provided 
all of the dog plasma used in our experiments, and to Dr. Charles E. Brambel, Mercy Hospital, Balti- 
more, Maryland, who demonstrated to us the technique of preparation of his thromboplastic reagent. 
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Study of the sternal bone marrotv has 
proven to be of value as a diagnostic pro- 
cedure in many conditions. jNIost observ- 
ers have relied upon the cytology of smears, 
tlie nucleated cell count and the volu- 
metric pattern in estimating tlie activity 
of the marrow.®’"’®’® Although these stud- 
ies furnish valuable information they offer 
only indirect evidence of the functional 
state of the marrow, the histologic struc- 
ture and the relationship of the cells in sihi. 
Errors in determining the absolute num- 
ber of bone marrow elements may occur 
due to dilution of the marrow with periph- 
eral blood and the relative numbers of each 
cell ti'pe cannot alwaj’s be assayed with 
certainty from smears alone. The impor- 
tance of studying fixed tissue sections for 
accurate evaluation of the bone marrow 
activity has, therefore, been emphasized 
repeatedly.®’^ 

Many methods have been devised to 
study the histopathology of the bone 
marrow clinically. Surgical trephine has 
been used to obtain material for tissue 
sections,®’^ but this method is not as 
simple as needle aspiration biopsy and is, 
therefore, not as desirable for routine use. 
Material for other methods of estimating 
the activity of the marrow, such as the 
nucleated cell count and volumetric pat- 
tern, are likewise not obtained by this 
method. 

Because of the ease and simplicity of 
sternal puncture, preparation of histologic 
sections from aspirated material would be 
preferable if the results obtained were as 


reliable. Amprino and Penati,' and Mer- 
tans® obtained tissue section of the mar- 
row by allowing tlie aspirated material to 
clot. The coagulum was then fixed, em- 
bedded in celloidin and sectioned. By 
this method, however, tlie volumetric pat- 
tern and nucleated cell count are not 
obtained and the marrow particles remain 
dispersed in the blood so that adequate 
sampling maj^ be difficult. Schleicher and 
Tucker®’^® described a method for fixing, 
embedding and sectioning serially the 
individual gross marrow particles that are 
present in the aspirated marrow and have 
repeatedly demonstrated the value of his- 
tologic section in a wide variety of diseases. 
This method requires special techniques 
and appears to us to be too difficult and 
time-consuming for ordinary routine use. 
Eecently, Berman and Axelrod® described 
a method of obtaining smears, volumetric 
readings, imprints and histopathologic 
sections from 1.5 cc. of aspirated material. 
In this method the individual marrow 
particles adhering to the sides of a paraffin 
■vial and the syringe are carefully collected, 
placed on a thrombin-coated area of a 
glass slide and clotted with plasma. The 
coagulum is then fixed, embedded and 
sectioned. It has been our experience, 
however, that difficulty is sometimes en- 
countered in transferring these minute 
particles, and many may be lost by adher- 
ing to the sides of the vial or to the im- 
plements used in transfer. Some are 
crushed and some are too small to collect, 
so that when the yield in marrow particles 
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is poor, a satisfactory preparation cannot 
be obtained. 

This paper describes a method for ob- 
taining histologic sections of the bone 
marrow from aspirated material adapted 
to routine use and avoids manipulation of 
individual particles. Smears, imprints, 
nucleated cell counts and the volumetric 
pattern are also obtainable for comparison 
by this method. 

Method. Routine aseptic precautions and 
local anesthesia with procaine are used. The 
sternal puncture needle is an ordinary lum- 
bar puncture needle with stylet cut down 
so that the shaft of the needle is 4 to 5 cm. 
in length and has a shalloAv bevel. The 
body of the sternum at the level of the 
second interspace is entered by the usual 
technique. The manubrium and other 
portions of the body of the sternum are 
also satisfactory sites. The first small 
drop of marroAv obtained is expelled upon a 
glass slide and is used to make several smears. 
One cc. of material is then aspirated and is 
placed in a bottle containing 0.2 cc. of 
Wintrobe anticoagulant* which has been 
evaporated to dryness. 

A nucleated cell count is made and the 
aspirated material is then transferred to a 
hematocrit tube. The tube is centrifuged 
at 2500 revolutions per minute for 20 min- 
utes to obtain the volumetric pattern which 
consists of the myeloid-erj'throid layer, fat, 
red blood corpuscle and plasma content. 

After the blood has been removed from the 
bottle containing anticoagulant, gross mar- 
row particles are almost invariably seen ad- 
hering to the sides. These particles are 
washed down with plasma. The suspension 
of gross marrow particles in plasma is then 
transferred to a small test tube (10 by 
1.5 cm.) with the pipette designed for use 
with the Wintrobe hematocrit tube and is 
allowed to sediment for 10 to 30 minutes 
in an ice-box at about 4° C. This allows 
the marrow particles to aggi'egate, usually 
on the top but occasionally on the bottom, 
depending upon the specific gravity of the 
individual particles. The surplus plasma is 
carefully aspirated rvith a Wintrobe i)ipette, 
care being taken not to remove any particles. 
The smallest amount of jdasma possible to 


suspend the particles is alloAved to remain, 
assuring a high concentration of marrow in 
the final preparation. One drop of 0.25 M 
calcium chloride is added to clot the plasma. 
Excess calcium prevents formation of the 
clot and rarely a drop of thromboplastin 
solution may be necessary to insure clotting. 
The I’esultant clot containing the marrow 
particles is placed in Zenker’s acetic fixative 
for 30 minutes to 1 hour, and rinsed briefly 
in tap water. The material is then placed 
in 60% alcohol and is dehydrated through 
60, 70, 85, 95% and absolute alcohol and 
xjdene. The tissue is allowed to remain 
in each alcohol solution for about 1 hour 
and in the xylene for about 45 minutes. 
It may be alloAved to remain overnight in 
the 85% alcohol. Three changes are made 
within each hour beginning with 95% alco- 
hol. It is then infiltrated with paraffin 
containing about 2% beeswax, 3 changes of 
this paraffin mixture being employed within 
a pei'iod of 2| to 3 hours. It is then em- 
bedded, sectioned serially at 4 p and stained 
Avith Hari-is’ hematoxylin and eosin. 

Discussion, With this method histologic 
sections of the bone marroAV, as Avell as 
smears, nucleated cell count and a'oIu- 
metric pattern can be obtained almost 
routinely. Those specimens yielding many 
large particles are easiest to prepare, but 
occasionally only a fcAv particles can be 
seen adhering to the glass Aual. In these 
cases it is more difficult and occasionally 
impossible to gather enough material to 
make a tissue block. The failures are 
infrequent, occurring chiefly AAuth hypo- 
plastic or sclei’otic bone marroAv. With 
increasing e.xperience practically all of the 
specimens yield material satisfactorily for 
section. 

The histologic appearance of the marroAA" 
is comparable to that obtained by trephine 
and does not appear to be distorted. Bone 
spicules, small arterioles and capillaries 
are frequently present. The normal rela- 
tionship of cells, sinusoids and fat is 
intact. Correlation of the appearance of 
antemortem sections AA’ith postmortem 
sections is c.xcelient. 


♦ auticoaculant contains 1.2 pm. of ammonium oxalate and O.S pm. of pot.-u-sium oxalate 

per 100 cc. of distilled u-.ater. U itli 0.2 cc. of this anticoapiilant the total final salt coneontration i-s 
2 to »5 in^. por cc. of blootl. 



172 WE1S15KRGKR, IIEIXRE: TISSUE SECTIONS OE STERNAL RONE ^^ARRO^V 









^1- *■ Z o~ 


'^\% ®-’S 

> ''•• - V-'. 


? -'Jit *■•■*. 




cy'tC^.-p^ 


^■r-'/'~-^\^ ■'•j 

>'■ ■'%y:;*,*- 



’#■ 
,6 « 

r 

K 



’'A 

yf 


%*' 

*# \f, 

‘ , ■ ?* 


* 

( 

... ;”';---/^.- 

r ' 

nw 

N ^ 

> 

- -vV-. . 


' 1 


: • . f <■ • 

i * , 

r^'-; 


• •- c* 



'e»Vo 




w« i 




s 




















Fig. 3. — A, Bone marrow in chronic myeloid leukemia 155X and 300X. Bone marrow in chronic 
Ijunphatic leukemia 155X and 300X. C, Bone marrow in acute myeloid leukemia 155X and 300X. 
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Representative portions from some of 
the more typical sections have been in- 
cluded in the accompanying photomicro- 
graphs. The typical arcliitectnre and the 
distribution of cells and fat in a normally 
active marrow (Fig. 1, A) is shown in 
contrast to the relatively fatty, acellular 
marrow of hypoplastic anemia (Fig. 1, B). 
In polycythemia vera (Fig. 1 , C) the com- 
plete replacement of the normal architec- 
ture by an overabundance of cells of the 
granulocytic and erythroid series, the ab- 
sence of fat cells and the marked increase 
in the numbers of megakaryocytes are 
characteristic. In pernicious anemia in 
relapse, the increased cellularity of the 
bone marrow, the absence of fat cells and 
the large numbers of megaloblasts are 
typical (Fig. 2, A). The appearance of 
islands of erythroblastic maturation dur- 
ing therapy is readily seen (Fig. 2, B). 
The active marrow encountered with the 
chronic hemolytic anemia shows marked 
erythroblastic hyperplasia (Fig. 2, C). 
In chronic lymphatic leukemia, the nor- 
mal architecture persists in the case shown, 
but the infiltration with lymphocytes is 
quite evident (Fig. 3, B). In chronic mye- 
loid leukemia, however, the normal mar- 
row is entirely replaced by large numbers 
of cells of tire myeloid series and there is 
an absence of fat cells (Fig. 3, A). The 
replacement of the normal marrow by 
large numbers of blast cells in acute mye- 
loid leukemia is shown in Figure 3, C. 


The infiltration of plasma cells in the 
marrow with persistence of the normal 
architecture in a case of multiple myeloma 
is seen in Figure 4, A. Solitary lymph 
follicles (Fig. 4, C) were not uncommon and 
occurred in marrows of aplastic anemia, 
generalized tuberculosis, carcinoma and 
debility. In 1 instance a nodule of mono- 
cytes was found. 

A syncytium of metastatic tumor cells 
was found not infrequently in patients with 
malignancy (Fig. 4, B), especially in cases 
of carcinoma of the breast, bronchus or 
prostate. No patients with carcinoma of 
the thyroid or kidney were e.xamined, but 
it is not unlikely tliat metastases to the 
sternal marrow could be detected in many 
of these cases. iMetastatic carcinoma was 
found in the sternal marrow in 1 case rvhen 
all the other studies, including extensive 
Roentgen ray examinations, failed to re- 
veal a suspected malignancy. More exten- 
sive study is necessary to determine the 
incidence of metastases to the sternal 
marrow and the value of this procedure in 
diagnosis and prognosis. 

Summary. A method of obtaining his- 
tologic sections of the sternal bone marrow 
from aspirated material is described. 
Histologic sections can be obtained rou- 
tinely along with smears, nucleated cell 
count and volumetric pattern by this 
method. Some t 3 ^pical histopathologic find- 
ings are presented. 


We wish to acknowledge the aid and suggestions of Dr. H. T. Karsner and Dr. H. Z. Lund of the 
Institute of Pathologj' in preparing the photomicrographs. 
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Quantitative estimation of the activity 
of the bone marrow from the nucleated 
cell count^ and the volumetric pattern^ 
is often unreliable. Many errors are pos- 
sible with this technique so that there is 
considerable doubt as to whether this 
method furnishes a reliable index as to 
the functional state of the bone marrow. 
It is therefore essential to compare the 
nucleated cell count, the myeloid-erythroid 
volume and the fat content with the histo- 
logic appearance of the marrow in a wide 
range of conditions. 

Material and Methods. Tlie Ihstologic 
appearance of the sternal bone marrow was 
compared with the values for the nucleated 
cell count, mj’^eloid-eiythroid volume and 
fat content in 60 patients. The material for 
histologic section, the nucleated cell count 
and the volumetric pattern were all ol^tained 
from the same sample of aspirated marrow 
b}' the technique desci'ibed in the preceding 
paper. 

With a 5 cc. sju'inge, 1 cc. of material was 
asjiirated in each case. Small errors of dilu- 
tion were, of course, unavoidable. The 
nucleated cell count, the mj^eloid-erj^throid 
volume and the fat content were determined 
from this aspirated marroiv and the histo- 
logic sections were then prejiared from the 
gross marrow particles remaining. The 
activitj’ of the marrow was estimated from 
the histologic sections. Inspection of many 
serial sections was necessary for an accurate 
estimate because of the variations in cellular 
and fat content of dilTerent portions of the 
sternal marrow. Estimations as to the cellu- 
larity of the marrow were arrii-ed at inde- 


pendently b}’" the authors with remarkable 
agreement and with no essential difference 
of opinion. The marrows were arbitrarily 
classified as hypoplastic, normal, moder- 
ateb'' lij’^perplastic and lij'^perplastic depend- 
ing upon the cellular density. The fat con- 
tent of the histologic sections was also 
estimated by inspection and was classified 
as normal, reduced or increased in quantity. 

Results. The results are summarized 
in the accompanying tables. Twenty-nine 
cases Avere classified as having normal 
cellularity after study of fixed tissue sec- 
tions (Table 1) and in these the nucleated 
cell count ranged from 6300 to 247,000 cells 
per c.mm., with an average of 58,250 cells 
per c.mm. The myeloid-euA’throid a'oI- 
umes ranged from 1 to 1 7 %, with an aver- 
age of 5%, and the fat content ranged 
from 0.25 to 8 %, with an average of 1.7 %. 
The fat content in the histologic sections 
was judged to he increased in only 4 of 
these cases and normal in the remainder. 

Thirteen cases were classified as being 
hypoplastic (Table 2). The nucleated 
cell count ranged from 5000 to 59,250 cells 
per c.mm., with an average of 22,615. 
The myeloid-erythroid volume ranged 
from 0.5 to 5.5%, with an average of 
2.1%, and the fat content ranged from 
zero to 3%, with an average of 1.4%. 
Histologically, the fat content ivas normal 
in 3 cases, increased in 9 cases and de- 
creased in only 1 case. In the latter case 
(Case 47) the marrow was replaced to a 
large extent by metastatic carcinoma. 
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len cases were classified as showing was good in the majority of cases. The 
iTOc erate hyperplasia on histologic section mean values for the nucleated cell count 
(lalde 3). In these cases the nucleated and myeloid-erythroid volume in those 
cell count ranged from 29,2.50 to 850,000 cases with a normal histologic pattern fell 
cells ^per c.mm., with an average of wthin the range of normal values estab- 
142,175 cells per c.mm. The myeloid- lished by others.*- The mean values in 
erythroid volume ranged _from 3.5 to 40 %, the hypoplastic and hyperplastic marrows 
with an average of 8.65 %, and the fat varied in the expected direction, 
content ranged from zero to 4.5%, with The correlation between the nucleated 
an average of 1 %. In the histologic sec- cell counts, and myeloid-erythroid \’olume 
tions the fat content was decreased in was best in those cases showing hypoplasia 
6 and normal in 4 of the cases. histologically and poorest in those shoving 

T.^bi.e 1.— Cases Showing Xon.MAL .-tcTiviTr Histologicallv 


Volumetric pattern 


No. 

Nucleated 

celi 

count 

M.veloid- 
crytliroid 
layer . 

I'at 

content 

Histologic pattern 

K/it 

Ccllularity content 

Clinical diagnosis 

2 

37,500 

3.:> 

1.0 

Normal 

Norma) 

Fever of unknown etiologj* 

3 

05,000 

4.0 

1.0 

Normal 

Normal 

Carcinoma of breast, no metastases 

4 

52,500 

4.0 

1.0 

Normal 

Norma! 

Poiycj'themia vera (treated) 

.5 

43,750 

4.0 

3 .5 

Normal 

Normal 

Atypical monocytic leukemia 

7 

04,750 

0.0 

0.5 

Normal 

Normal 

Splenic neutropenia 

s 

247,000 

13.0 

3 .5 

Normal 

Norma! 

Idiopathic thromboc.Ndopenic purpura 

9 

10,250 

3.0 

1.0 

Normal 

Normal 

Multiple sclerosis 

Severe pulmonary empby.sema (moribund) 

33 

133,000 

17.0 

S.O 

Normal 

increased 

12 

100,250 

14.0 

1.0 

Normal or si. 

Normal 

Mycosis fungoides 

33 

70,750 

7.0 

3.0 

hyperplastic 

Normal 

Increased 

Scleroderma 

22 

0,300 

1.0 

1.0 

Normal 

Normal 

Carcinoma of tJie stomach 

26 

39,500 

2.25 

0.25 

Norma! 

Norma! 

Hypochromic anemia cause undetermined 

30 

53,000 

3.5 

1.0 

Normal 

Normal 

Pneumonia, pneumococcal 

31 

76,250 

3.0 

3.5 

Normal 

Norma) 

Pernicious anemia, treated 

Pulmonary tuberculosis 

35 

25,000 

4.0 

0.5 

Norma! 

Norma! 

37 

67,500 

5.0 

0.25 

Normal 

Normal 

Pulmonarj’ fibrosis with secondary poly 

38 

10,000 

1.3 

0.5 

Normal 

Normal 

cythemia 

Mediastinal tumor 

39 

21,000 

l.O 

1,0 

Normal 

increased 

Carcinoma of breast (male) 

41 

63,500 

8.0 

4.0 

Normal 

Normal 

Carcinoma of breast, no metastases 

42 

87,000 

3.0 

2.5 

Normal 

Norma! 

Carcinoma of breast, no metastases 

48 

74,250 

4.5 

2.0 

Normal 

Increased 

Normochromic normocytic anemia 

53 

18,500 

3.5 

1.0 

Normal 

Normal 

Pernicious anemia, treated 

52 

79,500 

5.5 

0.5 

Norma! 

Normal 

Lymphosarcoma 

53 

39,500 

2.5 

3.0 

Normal 

Normal 

Bronchiogenic carcinoma, questionable 

54 

10,250 

1.0 

0.0 

Norma! 

Normal 

Pernicious anemia, treated 

57 

28,000 

5.0 

1.0 

Normal 

Normal 

Pernicious anemia, treated 

AJetastatic carcinoma, primarj’ unknown 

SS 

17,500 

3.0 

1.5 

NormoJ 

Normal 

59 

37,000 

4.0 

2.0 

Normal 

Normal 

Carcinoma of the stomach 

00 

52,000 

8.0 

7.0 

Normal 

Normal 

^Ielanoblastoma 


Eight cases were classified as showing hyperplasia, especially in cases of perni- 
marked hj'perplasia histologically (Table cions anemia in relapse. In many cases, 
4). In these the nucleated cell count either the nucleated cell counts, the mye- 
ranged from 12,500 to 480,000 cells per loid-erythroid volume or both determina- 
c.mm., with an average of 185,720 cells tions did not correlate with the functional 
per c.mm., and the myeloid-erytlrroid vol- state found on histologic section. Of the 
lime ranged from 2 to 44%, with an 29 cases hawng a normally active marrow, 
average of 17.8%. The volumetric fat 3 had nucleated cell counts which were 
content was zero in all cases except 2, greater than the mean by 40,000 or over 
in which it was 0.5 % and 1 % respectively, and a myeloid-erythroid volume which 
Histologically fat was either completely was more than 4 % greater than the mean, 
absent or markedly decreased in these Six had counts which were less than the 
cases. mean by 40,000 or more and 5 of these 

Comment. The correlation between the had a myeloid-erythroid volume which 
nucleated cell count, tlie myeloid-eryth- was less than the mean by 4% or more, 
roid volume and the histologic appearance Seven of the 10 cases classified as being 
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Table 2.— Cases Showng Hypoplastic Mabro-ws Histologically 


Volumetric pattern 


Histologic pattern 


Case 

Nucleated 

cell 

Myeloid- 

erythroid 

Fat 

t 

Fat 

No. 

count 

layer 

content 

Cellularity 

content 

1 

13,000 

1.0 

1.5 

Hypoplastic 

Increased 

G 

38,500 

2.0 

1.5 

Hypoplastic 

Normal 

10 

37,500 

3.0 

2.5 

Hypoplastic 

Increased 

21 

5,000 

0.5 

3.0 

Hypoplastic 

Mark, increased 

24 

14,000 

-3.0 

1.0 

Hypoplastic 

Increased 

28 

, 59,250 

5.5 

2.0 

Hypoplastic 

Increased 

32 

22,750 

2.0 

1.0 

Hypoplastic 

Mark, increased 

33 

17,250 

2.0 

2.0 

Hypoplastic 

Increased 

34 

16,250 

1.0 

0.0 

Hypoplastic 

Normal 

40 

22,500 

2.0 

3.0 

Hypoplastic 

Increased 

44 

15,000 

1.0 

0.0 

Hypoplastic 

Increased- 

47 

8,000 

2.0 

0.0 

Aplastic 

Decreased 

49 

25,000 

2.0 

1.0' 

Hypoplastic 

Normal 


Clinical diagnosis 
Aplastic anemia due to tridione 
Idiopathic thrombocytopenic purpura 
No diagnosis 

Aplastic anemia ^ . 

Carcinoma_ oi small intestine with 
metastasis 

Pulmonarytuberculosis 
No diagnosis 
Questionable brucellosis 
Miliary tuberculosis 
Carcinoma of breast with metastases 
to sternal marrow 
Lymphosarcoma 

Carcinoma of prostate with metasta- 
sis to sternal marrow 
Possible thyroiditis 


Table 3. — Cases Showing Moderate Hyperplasia Histologically 


Volumetric pattern 


Case 

Nucleated 

cell 

Myeloid- 

erythroid 

Fat 

No. 

count 

layer 

content 

18 

121,000 

5.0 

0.0 

19 

125,000 

4.0 

1.0 

20 

850,000 

46.0 

4.5 

23 

51,750 

2.0 

1.0 

25 

29,250 

4.0 

0.5 

27 

02,000 

6.0 

0.5 

29 

42,000 

0.0 

2.0 

30 

49,500 

5.0 

0.25 

45 

38,750 

3.5' 

0.5 

55 

52,500 

5.0 

0.0 


Histologic pattern 


Cellularity 
Mod. hyperplasia 
Mod. hyperplasia 
Mod. hyperplasia 
Mod. hyperplasia 
Mod. hyperplasia 
Mod. hyperplasia 


Fat 

content 

Decreased 

Normal 

Normal 

Normal 

Decreased 

Decreased 


Mod. hyperplasia 
Mod. hjToerplnsia 
Mod. hyperplasia 
Mod. hyperplasia 


Normal 

Decreased 

Decreased 

Decreased 


Clinical diagnosis 
Chronic hemolytic anemia 
Chronic lymphatic leukemia 
Acute myeloid leukemia 
Gastro-intestinal malignancy 
Pernicious anemia, mild untreated 
Micro-fcrophilic streptococcus in- 
fection; possible lupus erythe- 
matosus disseminatus 
Multiple myeloma 
Pernicious anemia, mild relapse 
Fever of unknown etiology 
Hodgkin’s disease 


Table 4.— Cases Showing Marked Hyperplasia Histologically 


Volumetric pattern 


Case 

Nucleated 

cell 

No. 

count 

■ 14 

34,750 

15 

44,250 

10 

305,000 

17 

480,000 

43 - 

312,000 

40 

•214,000 

50 

12,500 

50 

23,250 


Myeloid- 

ervthroid 

Fat 

layer 

content 

4.0 

0.0 

4.0 

0.0 

28.0 

0.0 

40.0 

0.0 

44.0 

0.0 

16.5 

0.5 

2.0 

0.0 

4.0 

1.0 


Markedly. 


Histologic pattern 


Cellularity 
Mark, hyperplasia 
Mark, hyperplasia 

Mark, hyperplasia 
Mark, hj'pcrplasia 
Mark, hyperplasia 
Mark. Iiyperplasia 
Mark, hyperplasia 
Mark. hjTJerpIasia 


Fat 

content 

Decreased* 

Absent 

Absent 

Absent 

Absent 

Dccre.ased 

Absent 

Decreased 


Clinical diagnosis 
Pernicious anemia, severe relapse 
Pernicious anemia. Case 14, during 
therapy 

Chronic myeloid leukemia 
Chronic myeloid leukemia 
Polycythemia vera 
Idiopathic thrombocytopenic purpura 
Pernicious anemia, severe relapse 
Pernicious anemia, severe relapse 


Table 5. — Summary of Data 


Nucleated cell count 


No. 

' 

Arithmetic 

“ ■ " - — ^ Mi'eloiu-oiylLiuid volume 

content 

cases 

Range 

mean 

0*^ <TTn* RanRe 

Normal Jlfarroirs 

Mean 

(Jl 

erm- 

Range 

Mean 

29 

0,300-247,000 

58,250 

50, GOO 9,390 1,0-17.0 

I{ypop}aslxc Marroics 

5.0 

3.89 

0.72 

0.25-8.0 

1.7 

13 

5,000- 59,250 

22,015 

14,800 4,100 0.5- 5.5 2.1 

Moderately Ilypcrvlastic Marrows 

1.27 

0.35 

0.0 -3.0 

1.4 

10 

29,250-830,000 

142,175 

250,900 79.300 3.5-40.0 

Ilyperplaslic Marrows 

S.G.3 

13.2 

4.17 

0.0 -4.5 

1.0 

S 

12,500-480.000 

185,720 

183,100 04.800 2.0-44.0 

17.8 

17.3 

0.13 

0.0 -1.0 

0.2 

tri *=* 

Theoretical population variate 

.. / Y (Deviation from mcanV 
“ ^ (Number of values — 1 ) 

(T 







orm’ ■= Standard error of mean = V Number of values 
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moderatelj' hyperplastic had - nucleated 
cell counts which were less than the mean 
by 40,000 or more and of these, 5 cases 
had a myeloid-erj'throid volume which 
was less than the mean by 4% or more. 
This discrepancy is more apparent than 
real because the abnormally high values 
in Case 20 affected the mean unduly in 
such a small number of cases. In the 
group of marrows classified as markedly 
hyperac^tive, 4 of the 8 cases had nu- 
cleated cell counts and myeloid-erythroid 
volumes which were much lower than the 
mean. In the hypoplastic marrows, how- 
ever, no great discrepancies were en- 
countered, 

- While the mean values for the nucleated 
cell count and myeloid-erj’tliroid volume 
were representative of the activity of the 
marrow, the variations in many indi\ndua! 
cases were so great that the functional 
state of the marrow could not be ascer- 
tained with certainty from these e-Tcamina- 
tions alone. Study of histologic sections 
of the bone marrow is therefore necessary 
for accurate evaluation of activity. 

The manner in which the marrow sepa- 
rates when suction is applied to the 
aspirating needle probably determines the 
accuracy with which cell count and volu- 
metric pattern determinations reflect the 
state of the marrow. If only a few 
particles separate, or if most of the cells 
remain in compact or cohesive particles 
rather than free in the aspirated material, 
it is obvious that the cell count and 
myeloid-erytliroid content as determined 
by centrifugation mil be erroneously low. 
The' fact that average values for cell count 
and myeloid-erythroid content compared 
so well with histologic sections must indi- 
cate that in most cases enough cells are 
free or present in sufficiently small parti- 
cles that they are included in the cell 
count and centrifuged specimen. In mar- 
rows which for some reason are more 
cohesive and resist separation into indi- 
vidual cells or small particles, it can be 
e.vpected that the cell count and volu- 
metric pattern will be erroneously low 
and w’lll not correlate mth the actual 


state of the marrow as depicted in tissue 
sections. 

Dilution mth peripheral blood, the 
relative proportion of cells Ijdng free in 
the sinusoids as opposed to the number 
fi-xed in the marrow, as well as the readi- 
ness with which cells are detached from 
the marrow may also affect the nucleated 
cell count directly and the myeloid-eryth- 
roid volume indirectly. In 1 case (Case 11, 
Table 1), pooling of blood was thought 
to be a factor in producing abnormally 
high values inasmuch as the patient was 
in shock and moribund. 

The most striking lack of correlation 
occurred in patients with pernicious ane- 
mia in relapse in whom megaloblastic 
hyperplasia of the marrow was present 
(Tables 3 and 4). Study of fixed tissue 
sections from these cases revealed marked 
increase in celiularity m'th a large num- 
ber of megaloblasts and reduction in the 
amount of fat as would be expected. 
Volumetric studies and nucleated cell 
counts were mthin normal or less than 
normal range, however, gmng an entirely 
erroneous picture. Peabody* has com- 
mented on the possibility of megaloblasts 
being adherent to each other and it seems 
likely that the marrow in these cases is 
dense enough to resist mthdrawal through 
the aspirating needle and thus give erro- 
neously low volumetric and cell count 
values. 

The excellent correlation in hypoplastic 
marrows may be explained by assuming 
that the inactive marrow yields so few 
cells that even though factors tending to 
raise the nucleated cell count operate, the 
values always remain low. 

Correlation between the volumetric fat 
content and the amount present on histo- 
logic section appeared to be completely 
lacking with the exception of the markedly 
hj’perplastic marrows in which fat was 
absent volumetrically and histologically. 
Fat droplets were frequently seen floating 
free in the aspirated marrow and the 
amount present probably depended upon 
the readiness with which it separated 
from the surrounding tissue. 
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Summary and Conclusions. The values 
for the nucleated cell count, myeloid- 
erythroid volume and fat content obtained 
from 1 cc. of aspirated sternal bone mar- 
row were compared with the functional 
state of the marrow as estimated from 
histologic sections in 60 cases. The cor- 
relation between the mean values and the 
marrow activity was good in the majority 
of cases, especially in hypoplastic mar- 
rows. However, in many cases the nucle- 
ated cell count or the myeloid-erythroid 
volume deviated from the mean by an 
appreciable amount. This discrepancy 
was most marked in marrows from pa- 
tients with pernicious anemia in relapse 
in whom megaloblastic hyperplasia was 
present. Although the mean values for 


the nucleated cell count and myeloid- 
erytliroid volume are representative of the 
activity of the bone marrow in a group of 
cases, the individual values may vary so 
greatly that the functional state of the 
marrow cannot be assayed with certainty 
from these findings in any one case. Study 
of histologic sections is therefore necessary 
for accurate evaluation of the bone mar- 
row activity in individual cases. There 
appeared to be no correlation between the 
volumetric fat content and the amount of 
fat present in the histologic sections of 
the marrow with the exception of the 
hyperplastic marrows, in which fat was 
markedly reduced or absent. Some of the 
factors which may have accounted for the 
lack of correlation were discussed. 


We wish to thank Dr. Thomas G. Bidder for doing the statistical calculations. 
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. Recent investigations have shovni that 
pyruvic acid and lactic acid accumulate 
in the blood and tissues when carbohy- 
drate is being metabolized at an increased 
rate, in anoxia and follovnng exercise.'*''® 
Lactic acid, an intermediate product in 
the metabolism of carbohydrate, is pro- 
duced in large amounts under anaerobic 
conditions. Further breakdo'vvn leads to 
the formation of pyruvic acid, which 
requires diphosphothiamine and oxygen 
for utilization. In thiamine deficiency, 
pyruvic acid accumulates in the blood and 
tissues and there is a change in the quan- 
titative relationship of lactic to pyruvic 
acid, Stotz and Bessej^® found that the 
blood lactate-pyruvate ratio was rela- 
tively constant in normal animals but 
was reduced in experimental thiamine 
deficiency. Ke3"S and co-workers® report- 
ed a change in the relationship of lactic 
to pyruvic acid in the blood in men on 
a restricted intake of the B vitamins. 
Friedemann* suggested that the blood 
lactate-pyruvate relationship may reflect 
the relative oxidative conditions of the 
body. Horwitt ct alJ have pointed out 
the influence of environmental and other 
factors on the levels of lactic and pyruvic 
acids in the blood. 

This investigation was undertaken to 
study further the effect of certain physio- 
logic changes on the concentrations and 
relationship of lactic and pyruvic acids in 
the blood in normal persons and in pa- 
tients with various pathologic states and 
to ascertain whether determination of the 


lactate-pyruvate ratio might assist in the 
detection of human thiamine deficiency. 

Methods, The subjects of this study were 
29 presumablj' normal persons (physicians, 
technicians and medical students) and 
41 patients who were being treated for 
various diseases in the medical clinics of 
Tulane University or in the medical wards 
of Charity Hospital in New Orleans. Lactic 
and pyruvic acids in the blood were deter- 
mined during fasting, after meals, after the 
administration of glucose, during rest, fol- 
lowing light and strenuous exercise and, in 
a few instances, following electric shock 
therapy. Glucose was given orally (100 gm.) 
or intravenously (50 gm.), following which 
blood was collected at intervals for 2 to 
3 hours. Light exercise consisted in carrying 
on routine work in the laboratory or hospital, 
strenuous exercise in running down and up 
3 flights of stairs as rapidly as possible. 
Blood was collected ■within 5 to 15 minutes 
after strenuous exercise or electric shock 
therapy. 

Pyru'vic acid was determined by the 
method of Bueding and Wortis.® While 
keto-acids other than pyruvic contribute to 
the findings with this procedure, the desig- 
nation “pyruvic acid” will be used through- 
out this paper. The method of Barker and 
Summerson* was used in determining lactic 
acid. 

Appro.vimately 6 cc. of blood was collected 
from an arm vein with a syringe, care being 
used to avoid stasis. Three cc. was imme- 
diately placed in each of 2 bottles, 1 con- 
taining potassium oxalate, the other potas- 
sium oxalate and sodium iodoacetate. 
From each bottle 2 cc. was transferred with 
a pipette to a flask containing 10% trichlor- 


* Aided by grants from tljc Williams-Waterman Fund, the Helis Institute for Medical Research 
and tlie United States Public Health Service. 
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acetic acid. These manipulations were car- 
ried out at the side of the patient and onty 
a few minutes were required for precipita- 
tion of the blood. All equipment was kept 
in a refrigerator prior to use. Sodium iodo- 
acetate was added to the anticoagulant in 
the determination of pyruvic acid, since it 
retards the breakdown on this substance, 
but was omitted from the determination of 
lactic acid due to interference in this pro- 
cedure. 

Findings in Normal Per.sons. The 
levels of pyruvic and lactic acids in the 
blood and the lactate-pyruvate ratios 
which were found in normal persons under 
conditions of rest, exercise and alimenta- 
tion are given in Table 1. In the basal 


engaged and the time which had elapsed 
since breakfast. The concentrations of 
lactic and pyruvic acids may not return 
to the fasting level for 3 or more hours 
after a meal. 

Following the administration of glucose 
there was an increase in both pyruvic 
and lactic acids in 9 of 10 subjects. The 
maximum rise was observed after an 
interval of 30 to 60 minutes in 6 instances 
and after 90 to 120 minutes in 3. The 
concentrations of these metabolites re- 
turned to the level observed during fasting 
at the end of 2 to 3 hours. The lactate- 
pyruvate ratio was essentially the same 
as that found in the basal state. 

Following a brief period of strenuous 


Table 1.— Blood Pyruvic and Lactic Acids and the Lactate-Pyruvate Ratio in 

Norjial Subjects 


No. 

Test conditions .‘!ubjects 

Fasting, resting 21 

Fasting, liglit exercise . . S 

After breakfast, light exercise . , 24 

After glucose (i to 1 hr.) . . .11 

After glucose (1 J to 2 hrs.) ... 9 

After strenuous exorcise 29 

After electric shock 9 ’ 


state the mean findings in 21 persons were 
pyruvic acid 1 mg. per 100 cc., lactic acid 
9.3 mg. per 100 cc., and a lactate-pyruvate 
ratio of 9.3, with a standard deviation of 
±1.7. In 1 person the level of pyruvic 
acid was 1.3 mg. which is considered to 
be the upper limit of normal and the lac- 
tate-pyruvate ratio was found to be 5.1. 
In all other persons examined, ratios of 
more than 7.3 were obtained. 

After light exercise in the fasting state, 
the findings were similar to those obtained 
at rest, although the mean concentration 
of lactic acid was slightly increased. After 
light' exercise taken 2 or 3 hours after 
breakfast there was again an increase in 
blood lactic acid while pyruvic acid was 
unchanged. There was consequently a 
slight rise in the lactate-pyruvate ratio. 
The increase in the variability of findings 
and the slightly elevated ratio were prob- 
ably due to 2 factors; the amount of 
physical activity in which the subject had 


Pyruvic acid 
(mg, per 

100 cc.) 
(mean) 

Lactic acid 
(mp. per 

100 cc.) 
(mean) 

Lactate-pyruvate ratio 

Mc.an cr 

1 00 

9 3 

9 3 

=fcl.7 

1 09 

10 1 

9 3 

±2 3 

1 06 

10 5 

10 0 

±3 4 

1 40 

13 0 

9 3 

±2 1 

1 32 

12 2 

9 3 

=fcl .5 

1 96 

35 0 

IS 3 

±3 5 

2 96 

49 0 

IS 0 

=±=5 8 


exercise there ivas a moderate increase in 
p.’y’TUvic acid and a marked increase in 
lactic acid in all instances. The greatest 
increase in lactic and pyruvic acids and 
in the lactate-pyruvate ratio occurred 5 
to 15 minutes after exercise. Following 
this there was a gradual decline, but values 
w’ere still high at the end of 30 minutes. 

After electric shock therapy in which 
convulsive seizures were produced lactic 
and pjTuvic acids in the blood increased 
to an extent greater than that observed 
after strenuous exercise but the mean 
lactate-pyruvate ratio was essentially the 
same. TV'o factors appear to be responsi- 
ble for the rise in lactic and p\Tuvic acids 
, under these circumstances: anoxia and 
muscular acti\'ity. In a few patients elec- 
tric shock failed to induce a convulsive 
seizure. In these instances there was rise 
in both lactic and pjTuvic acids, but the 
increase was less marked than when mus- 
cular contractions occurred. 



184 


GOLDSMITH; THE BLOOD LACTATE-BTEUVATE HELATIONSHIP 


The above findings are similar to those 
reported by other investigators. Bueding, 
Wortis and Sterrf found an average concen- 
tration of pyruvic acid of 0.98 mg. per 
100 cc. in 60 adults e.xamined under basal 
' conditions. Friedemann^ tested subjects 
at rest 3 to 5 hours after a meal and 
reported a mean concentration of pyruvic 
acid of 0.77 mg., of lactic acid 8.5 mg. 
and a lactate-pjTuvate ratio of 11.3. 
Pyruvic acid was determined without the 
use of iodoacetate, which may account 
for the lower values obtained for this 
metabolite. 

The increase in concentration of both 
P5TUvic acid and lactic acid after the ad- 
ministration of glucose, following strenu- 
ous exercise and subsequent to electric 
shock therapy, are corroborative of the 
findings of Friedemann ct al.^ who con- 
cluded that food, exercise and anoxia were 
the most important factors influencing the 
concentration of lactic and pyruvic acids 
in the blood in normal persons. 

In view of the marked effect of e.xercise 
on lactic acid values, test conditions should 
be rigidly standardized if the lactate- 
pyruvate ratio is to be used in studying 
fundamental oxidative changes in the 
body. Findings similar to the basal state 
may be obtained 3 or more hours following 
a meal and after a rest period of 30 minutes 
dr more, the time depending on the sever- 
ity of the previous exercise. 

In experiments on rats, pigeons and 
man, Stotz and Bessey® concluded that 
the lactate-pyruvate ratio is relatively 
constant in normal animals and can be 
expressed graphically or by formula. 
Friedemann"* questioned the constancy of 
this relationship. The lactate-pjTuvate 
ratios which we obtained in normal per- 
sons imder various physiologic conditions 
are illustrated in Figure 1. A relatively 
constant relationship is observed in the 
basal state and there is little change after 
mild exertion, a meal, or the administra- 
tion of glucose. Strenuous exercise and 
electric shock therapy produce a shift in 
the ratio and wider variation in values 
but the points still fail essentially along 


a straight line. These observations con- 
firm in principle the observations of Stotz 
and Bessey, although the mathematical 
relationships are somewhat different. 

Stotz and Bessey® suggested expressing 
the lactate-pyruvate relationship in terms 
of pyruvic acid %^alues so that a single 
figure might indicate the degree of dis- 
turbance of pjTuvate metabolism. For- 
mulfe for calculating the expected level of 
pyruvic acid, from the valve of lactic acid 
found by analysis, are included in Figure 1. 
For example, in the basal state, pyruvic 

.j , , , Lactic acid ~ 1.08 

acid (calculated) = ^—= . 

PjTuvate excess is determined by sub- 
tracting the piTuvic acid calculated from 
the p3'ruric acid found by chemical anal- 
ysis. In normal pigeons Stotz and Bessey® 
found that values for pyruvic acid (PA) 
excess varied from —0.27 to -f-0.29 mg. 
per 100 cc. On a thiamine-free diet a 
large increase in PA e.xcess values was 
observed. Determination of PA excess 
W'as useful in detecting mild degrees of 
chronic thiamine deficiency. 

Values for PA excess for the normal 
persons in this study ranged from —0.53 
to -f-0.59 mg. per 100 cc. in the basal 
state. In only 1 instance, however, was 
an excess of more than 0.3 mg. observed. 
Following either light or strenuous exer- 
cise approximately one-fourth of the sub- 
jects were found to have values for PA 
excess which were greater than 0.3 mg- 
Such values may indicate a disturbance 
of metabolism due to thiamine deficiency 
or may merely reflect variation in the 
normal response to exercise dependent on 
training and physical fitness. Friede- 
mann* found a greater rise in pyruvic 
acid after stair climbing in women whose 
diets "Were low in thiamine than in persons 
whose diets were adequate. Keys® ob- 
served a similar increase in pyruric acid 
following exercise in men on diets low in 
the B group of vitamins. An exercise test 
may be useful in detecting mild degrees 
of thiamine deficiency, but further inv^ti- 
gation is needed, using a standardized 
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procedure, before a definite conclusion can 
be reached. 

Findings in Patients With Various 
Diseases. Lactic and pyruvic acids were 
measured in the blood of 41 patients with 
various diseases. Table 2 gives the find- 
ings obtained under basal conditions and 
includes those of normal subjects for 
comparison. In patients with a deficiency 
of thiamine, or of riboflavin or niacin, 
mean pyruvic acid was elevated above 
the normal and there was a decrease in 
the mean lactate-pyruvate ratio. In pa- 
tients with heart disease mean pyruvic 


acid was slightly increased and mean lac- 
tic acid decreased with resultant lowering 
of the ratio of these metabolites. 

In 19 patients with various afebrile 
conditions the mean lactate-pyruvate ratio 
was essentially normal. Of this group of 
patients there were 3 in whom pyruvic 
acid was greater than 1.3 mg. per 100 cc. 
In 2 of these, however, the lactate-py- 
ruvate ratio was normal. In the third the 
ratio was low (less than 7) and pyruvate 
excess was greater than 0.3 mg. In this 
patient, who had a contact dermatitis, 
the diet had apparently been adequate 
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Fig. 1. The lactalc-pyruvato relationship in normal persons — at rest, after eatinp; and after 

c.tercise. 


T.\bi.c 2.— The Relationship of Pmcvic and Lactic Acids in the Blood in the Basai, 
State in Nohmad Subjects and in P.atients With Various Diseases 


Dinenosis 

Normal 

Thi.amine deficiency 
RiboflaATn and niacin deficiency 
Heart disease 
Miscoliancous diseases . 


No. 

Pyruvic acid 

Lactic acid 

Lactate-pyruvate 

subjects 

(me. per 100 cc.) 

(mfl. perlOOcc.) 

ratio 

21 

1.00 

9 3 

9 3 

6 

I 34 

9.2 

0.9 

7 

1 20 

10.0 

7.9 

9 

I.IC 

S.G 

7,8 

19 

1.06 

10.0 

9.7 
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and there was no clinical evidence of 
deficiencj^ disease. One patient in whom 
the diagnosis of peptic ulcer was made, had 
a normal lactate-pjTuvate ratio during 
fasting and a low ratio after the adminis- 
tration of glucose. The diet of this patient 
had been somewhat low in vitamins of the 
B complej:. 

Individual findings in the 6 patients 
who had clinical evidence of thiamine 
deficiency are shown in Table 3. Three 
patients had an increase in pjwuvic acid 
above 1.3 mg. In all patients the lactate- 
pyruvate ratio was somewhat low and in 
3 instances it was less than 7. Pyruvate 
excess was greater than 0.3 mg. in 4 pa- 
tients. Glucose was administered to 3 
patients (Cases 1 to 3) and in each instance 
the lactate-pyruvate ratio and pjwuvate 
excess was similar to that of the basal 
state. The diet of each of the 7 patients 
with thiamine deficiency had been low in 
all of the B vitamins, although in 1 in- 
stance (Case 2) there had been recent 
improvement in the food intake. This 
may account for the relatively normal 
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.biochemical findings although peripheral 
neuritis was still present. 

One patient (Case 1) was especially 
interesting in that 5| weeks prior to 
examination she had delivered a child who 
W'as diagnosed as ha\’ing congenital beri- 
beri.^® Her diet during the last 3 months 
of pregnancy had been limited to fruit, 
bread and 1 cup of milk daily. She re- 
sumed her normal diet for 3 weeks follow- 
ing delivery and then returned to the 
deficient diet. Signs of mild thiamine 
deficiency were still present at the time 
of biochemical testing but were less severe 
than at the termination of pregnancy. 

This patient (Case 1) and another 
(Case 5) were retested after thiamine had 
been administered for 14 and 7 days 
respectively. Clinical improvement had 
occurred and there was a marked change 
in biochemical findings in both patients 
(Table 4). 

In the 7 patients with niacin and/or 
riboflavin deficiency (Table 5) pyrunc 
acid was elevated in 3, the lactate-pjru- 
vate ratio was below 7 in 2, and pyruvate 


TABtE 3 .— The Rei.ationship of Lactic Acid and Pyuttvio Acid in the Bi-ood in Patients 

With Thiamine OEfTciENcr 


Case 

No. 

Clinical findings 

Pyruvic acid 
(mg. per 

IBO cc.) 

Lactic acid 
(mg. per 

100 cc.) 

Lactate- 

pyruvate 

ratio 

Pyruvate excess 
(mg. per 

100 cc.) 

1 

Neuritis-edema-dyspnea 

i.ie 

* 8.0 

6.9 

-fO.32 

0 

Neuritis'cirrhosis of liver 

0.90 

D.9 

7.7 

+0.18 

3 

Mild neuritis 

1.21 

7.1 

5.9 

-fO.47 

4- 

Mild neuritis 

l.Sl 

11.2 

6.2 

+0 ot 

5 

Neuritis-hepatitis, cerebral symptoms 

2.15 

16.0 

7.4 

+0 . 39 

6 

Mild neuritis 

0.81 

6.2 

7.6 

+0.19 


Mean 

1.34 

9.2 

6.9 

+0 35 


Table 4. — Effect of Thiamine Adminjstbation on Blood Pykuwc and Lactic Acids and 

ON THE LaCTATE-PyKHVATE RaTTO 


Diagnosis 

Thiamine deficiency . 

Thiamine deficiency . 

Hyperthyroidism, niacin 
and riboflavin deficiency 


Time 

(daj's) 



3 


' Heart disease 
Heart disease . 



Amt. Bi 
daily 
(mg.) 

0 

60 

0 

30 

0 

50 

50 

0 

30 

0 

30 


Pyrurao 

Lactic 

acid 

acid 

(mg. per 

(mg. per 

100 cc.) 

100 cc.) 

1.16 

8.0 

0.52 

5.2 

2.15 

. 16.0 

l.OS 

7.8 

1 .45 

9.0 

1.96 

14.2 

1.03 

8.S 

l.OS 

7.4 

1.03 

9.1 

1.35 

10.1 

1.06 

12.2 


Lactate* 

PyTUvatc 

excess 

p3TUv'ate 

(mg. per 

ratio 

100 cc.) 

0.9 

+ 0.32 

10-1 

+ 0.01 

7.4 

+0 39 

7 3 

+ 0 25 

6.2 

+0 48 

7.2 

+ 0 42 

8 6 

+0 OS 

0 S 

+0 31 

8.S 

+0.05 

7.4 

+0 . 2o 

11 .5 

-0 23 
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excess measured 0.3 mg, or more in 3 in-' 
stances. This is not an unexpected find- 
ing, since deficiency of any one of the 
B vitamins is usually associated vdth a 
deficiency of other members of the group. 
The diet of each of these subjects had 
been somewhat low in thiamine as well 
as in riboflavin and niacin. One patient, 
Case 2, had hyperthyroidism as an addi- 
tional etiologic factor in the production 
of a deficiency state. She was treated 
with a large amount of thiamine as shown 
in Table 4 (Case 3) and within 2 days 
pyruvic acid and the lactate-pyruvate 
ratio had returned to normal. 


in whom thiamine excretion was low, 
there was an excess of pyruvate in the 
blood. ' 

The relationship of pyruvic and lactic 
acids in the blood in 9 patients vdth heart 
disease is shown in Table 6. Pyruvic acid 
was elevated in 3 subjects, while the lac- 
tate-pyruvate ratio was below 7 and py- 
ruvate excess was greater than 0.3 mg. 
in 4. Glucose was given to 4 patients and 
corroborated the findings obtained during 
fasting. The abnormalities of pyruvate 
metabolism did not appear to be related 
to the presence of heart failure or to its 
severity. These findings differ from those 


Table 5. — The Relationship op Lactic Acid and Pybitvic Acid in the Blood in Patients 

With Riboflavin and Niacin Deficiency 



C 

Pyruvic acid 

Lactic acid 

Lactate- 

Pyruvate 

excess 

Case 


(mg. per 

(mg. per 

pyruvate 

(mg. per 

No. 

Clinical findings 

100 cc.) 

100 cc.) 

ratio 

100 cc.) 

1 

Glossitis-cheilosis 

1.03 

3.8 

3.7 

-fO 70 

2 

Glossitis-cheilosis 

1.45 

9.0 

6 2 

■+0 4S 

3 

Glossitis 

1.43 

11.1 

7 9 

-f 0 23 

4 

Glossitis-cheilosis 

1.26 

12.4 

9 8 

-0 13 

5 

Mild glossitis 

1.09 

12.7 

11 6 

-0 28 

G 

Cheilosis 

1.38 

12.4 

9 0 

+0 05 

7 

Glossitis 

1.16 

8,5 

7.3 

•f 0 30 


Mean 

1 26 

10 0 

7.9 

-1-0.19 


Table 6.— The Relationship of Pyhuvic Acid and Lactic Acid in the Blood in Patients 

With Heart Disease 


Subject 

Heart 

Pyruvic acid 

Lactic acid 

Lactate-pyruvate Pyru\-ic acid excess 

No. 

failure 

(mg. per 100 cc.) 

(mg. per 100 cc.) 

ratio 

(mg. per 100 cc.) 

1 

-f- 

1.72 

4.0 

2.7 

-f 1.29 

2 

-h 

1.35 

10 0 

7.4 

-fO 25 

3 

— 

1.08 

7.4 

6 8 

-fO 31 

4 

+ 

1,10 

6 8 

6.2 

-fO 39 

5 

— 

0 73 

7 3 

10. 0 

-0 03 

6 

-h, 

1.08 

10 7 

9,9 

-0 05 

7 

— 

0 94 

11 S 

12 5 

-0 37 

8 

— 

1.36 

9 2 

6.8 

-fO 37 

9 

-h 

1 12 

9 1 

8.1 

-f-0.14 


Mcan 

1.10 

S.6 

7.8 

-fO 26 


The urinary excretion of thiamine was 
determined in 9 of the 13 patients with 
eiddence of deficiency of one or more of 
the B vitamins. In the patients with 
signs of thiamine deficiency, a low excre- 
tion was found in 3 (Cases 1, 5 and 6), 
a normal output in 1 (Case 4). In 5 pa- 
tients with niacin and ribofla\dn defi- 
ciency the e.xcretion of thiamine was low 
in 2 instances (Cases 2 and 5), normal in 
3 (Cases 3, 6 and 7). In 4 of the 5 patients 


of Yanof,^^ who reported a rise above 
normal of pjTUvic acid in the blood of 
patients with heart failure, the elevation 
approximating the degree of failure. Lac- 
tic acid was not determined in his study. 

Two patients with heart disease (Cases 
1 and 3) had signs of a mild peripheral 
neuritis suggestive of thiamine deficiency. 
The diet had been poor in both subjects 
but particularly so in Subject 1. In 
3 other patients (Cases 7, S and 9) the 
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dietary history indicated an inadequate 
intake of foods containing vitamins of 
the B complex. In the remaining patients 
the diets could be classified as fair. In 
our experience, heart disease vnth failure 
is one of the commonest precipitating 
causes of deficiency disease. Anorexia 
and poor absorption and utilization of 
nutrients are probably responsible for this. 

Two patients with heart disease, in 
whom the lactate-pyruvate ratio was low, 
were treated with thiamine and retested 
after 2 weeks (Table 4). A definite in- 
crease in the ratio and a decrease in py- 
ruvate excess followed therapy. Two other 
patients were tested for the first time after 
thiamine had been prescribed for several 
days. The ratios were found to be 8.6 
(normal) and 14.7' (slightly elevated). 

These data suggest that the low lactate- 
pyruvate ratio found in 4 of 9 patients 
with heart disease was due to a deficiency 
of thiamine. This deficiency may have 
been primarily of dietary origin or may 
have been a relative deficiency resulting 
from metabolic changes of anoxia asso- 
ciated ■with heart disease. In anoxia, 
lactic acid is usually increased to a greater ‘ 
extent than is pyruvic acid. However, a 
dephosphorylation of cocarboxylase and 
a decrease in other enzyme systems have 
been shonm to occur in anoxic states.® 
Xjovern, Greer and Greig®'® have found that 
the administration of thiamine leads to a 
reduction of pyruvic acid in experimental 
shock and anoxia. Whether these findings 
are of importance in the production of 
thiamine deficiency in heart disease, or in 
the lactate-pyruvate ratio which was ob- 
served in this condition, is unknown. 

In this study a dietary deficiency of 


thiamine appears to be a reasonable ex- 
planation of the findings. If this conclu- 
sion can be substantiated in a larger group 
of patients, determination of the lactate- 
pyruvate ratio should be a useful procedure 
in the diagnosis of beriberi heart disease 
or. of thiamine deficiency in association 
with heart disease of varied etiology. 

Summary. The relationship of lactic 
acid to pyruric acid in the blood was 
studied in 29 normal persons and in 41 
patients with various diseases. In normal 
persons the lactate-pjTuvate relationship 
can be expressed graphically or by formula 
for a given physiologic state. Under 
basal conditions a mean ratio of 9.3 was 
obtained. This ratio was essentially un- 
changed following the administration of 
glucose. Exercise produced an increase 
in the ratio the extent being dependent 
upon the degree of physical activity. 

In patients with clinical evidence of 
deficiency of thiamine the lactate-pyruvate 
ratio was decreased. A low ratio was also 
observed in approximately half of the 
patients ■with riboflavin and niacin defici- 
ency and of the patients with heart disease. 
Pollo'wing the admim'stration of thiamine 
the ratio returned to normal. In a group 
of miscellaneous afebrile conditions the 
lactate-pyruvate ratio was essentially nor- 
mal. Thiamine deficiency is suggested by 
a lactate-pyruvate ratio of less than 7, or 
by an excess of blood pyruvate of more 
than 0.3 mg. per 100 cc. above the value 
calculated from the normal ratio at the 
lactic acid level found. 

Determination of the relationship of 
lactic and pyruvic acids in the blood may 
be of assistance in evaluating thiamine 
nutrition in complicated pathologic states. 
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Investigation of the peripheral venous 
pressures in patients with pulmonary 
tuberculosis was begun at this hospital 
without any attempt to select cases. 
Gradually, however, a precise field of clini- 
cal usefulness for the test became evident. 
In the course of this work, determinations 
on several patients under unusual condi- 
tions yielded results of special significance, 
and these will be reported below. 

Deviations of venous pressure from the 
normal as a result of collapse therapy 
have been observed by numerous investi- 
gators. One would anticipate such devia- 
tions from the fact that intrathoracic pres- 
sure influences the filling of the right 
auricle and hence affects the peripheral 
venous pressure.® That this cannot be 
the only meclianism operative in these 
cases has been showm by investigators 
wdio have made bilateral venous pressure 
determinations and observed abnormal 
readings on 1 side only.^®-*® In practice, 
the changes are bj’’ no means constantly 
present, but the anatomic and physiologic 
mechanisms involved are of interest. 

Venous Pressures in Cases of Tho- 
racoplasty. Overholt and PilcheP" found 
a correlation between unilateral elevation 
of venous pressure following thoracoplasty 
and poor toleration of the collapse prp- 
cedure, as manifested by dyspnea, cyan- 
osis, rapid pulse, and in some cases para- 
do.xical movements of the chest w'all. 
They attached prognostic significance to 
such elevations and waited until the ven- 
ous pressure fell to normal before pro- 
ceeding with the operation. Coryllos and 


Stanford® found a postoperative rise on 
the side of the operation in about two- 
thirds of 34 patients, which they attrib- 
uted to dropping of the axillary vein with 
local obstruction (of no prognostic signifi- 
cance). Hurst and Brand^® arrived at 
similar conclusions. Feinsilver® found no 
significant difference betu'een the preop- 
erative and postoperative levels of venous 
pressure in 14 cases of thoracoplasty. He 
believed the postoperative rise observed 
by Overholt and Pilcher to be a temporary 
phenomenon wdiich disappears by the 3rd 
month. In any case, Overholt and Pilcher 
concluded that an elevated venous pres- 
sure indicated excessive degree of collapse 
and that there is little likelihood of dis- 
turbing a normal preoperative venous 
pressure if no more than 3 or 4 ribs are 
removed in the first stage. Since these 
limits are rarely exceeded in modem surgi- 
cal practice, the postoperative unilateral 
rise in venous pressure is probably largely 
of historical interest. 

Venous Pressures in Cases of Intra- 
PLEUR.4L Pneumothorax. In artificial 
intrapleural pneuniothorax, changes in 
venous pressure are likewise not constantly 
present. Grellety-Bosriel,® in a large ser- 
ies of cases with unilateral pneumothorax, 
found the venous pressure unchanged in 
S5%. In the remaining 15%, there was 
a temporary rise in the venous pressure, 
which he attributed to a diminution of 
lung substance and compression of the 
pulmonary vessels* with stasis in the right 
chambers of the heart. Hurst and Brand'® 
reported 21 cases of pneumothorax fol- 
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lowed, either before and after tlie induction 
of collapse, or during the course of collapse, 
and of these, 11 showed changes in venous 
pressure. Tlie changes fell into the fol- 
lowing general patterns: Atelectatic re- 
tracted lungs with high venous pressure 
on the homolateral side maj' show, after 
pneumothorax, a reduction in venous pres- 
sure by the release in pull on the venous 
return in the subclavian or innominate 
veins; high tension pneumothorax may- 
cause a rise in venous pressure on that 
side, and effusions may act in a similar 
fashion, by causing a rise in intrapleural 
pressure. Feinsilver,® on the basis of ob- 
servations in 15 cases of pneumothorax, 
concluded that “ although a rise in venous 
pressure is not the rule in pneumothorax, it 
does occur frequently, at least as a tem- 
porary phenomenon.-” Heise and SteidF 
came to the conclusion that fluid, pneu- 
mothorax, and thoracoplasty give rise to 
rare elevations of venous pressure, and 
usually such elevations are unilateral. 

Venous Pressure in Cases of Extra- 
pleural Pneumothorax. The literature 
on venous pressure in extrapleural pneu- 
mothorax is A'ery meager. One might 
anticipate deviations from the normal to 
follow- the same pattern as for intrapleural 
pneumothorax. Feinsilver® reported ven- 
ous pressures in 3 extrapleurals, 2 to 3 
months before surgery and 2 to 4 months 
after surgery. One (bilateral) case showed 
no change. One case sho-n’ed a bilateral 
reduction in venous pressure of significant 
degree and 1 (bilateral) case showed a 
bilateral elevation of questionable signifi- 
cance. 

Method. The method for obtaining ven- 
ous pressures used in our series was that of 
Taylor, Thomas and Schleiter'® as modified 
by Hitzig,® 

The patient rests in the supine position 
■^vith the relaxed arm supported in sfight 
abduction on a pillow, so that the ante- 
cubital surface is 5 cm. below the anterior 
chest wall at the insertion of the fourth rib. 
This is assumed to be tllb level of the caval 
openings into the right auricle. A tourni- 
quet or blood pressure cuff is applied, a 


large vein is selected and venipuncture per- 
formed with an 18-gauge needle attached to 
to a 2-cc. syringe. VTben the bevel of the 
needle rests freelj-- in the vein, the syringe 
is detached, and an L-shaped tube calibrated 
in half-centimeters, the inside of -which has 
been moistened with sterile 5% sodium 
citrate solution, is attached and the level 
at -n'hich the blood column stops mounting 
is noted. Tiny respiratory oscillations are 
usually apparent and are e-vddence of a 
freel 5 >^ patent S 3 'stem. 

A few of our more recent determinations 
were done -nith the method used by Over- 
bolt and Pilcher.'^ In this technique, a 
3-W'ay stopcock is interposed between the 
needle and the s}Tinge, and a spinal man- 
ometer tube is attached to the stopcock. 
Citrate solution from the sjuinge is injected 
into the tube and bj' turning the stopcock 
to communicate the tube -with the vein, the 
citrate solution is allowed to run into the 
vein (or blood into the tube) until equilib- 
rium is established. The 2 methods, L-tube 
and 3-way stopcock with manometer tube, 
have been shown to give \Trtually identical 
results, but the latter has some advantages 
in permitting easy determination of circula- 
tion times met the same needle and repeated 
determinations of venous pressure -without 
clotting. Both methods suffer seriously from 
the need for using a large gauge needle. All 
too frequently it is difficult or impossible 
to find a vein capable of receiving such a 
needle. An ingenious new apparatus for 
obtaining venous pressure has been de-vdsed 
by Winsor and Burch.*^ Tlffien commer- 
tially available, this "phlebomanometer” 
should greatlj^ extend the usefulness of 
venous pressure determinations, since it 
makes possible precision determinations 
with the finest gauge needles. 

As the upper limit of normal -we took 
10 cm. and no distinction was made between 
male and female patients. This value for 
normal is based on Hitzig’s findings in 624 
normal subjects (in whom normality was 
confirmed b}-- arm-to-tongue and arm-to- 
lung circulation times). Of these subjects, 
93.2% had venous pressures in the range 
of 4 to 8 cm. The remainder fell -within the 
low range of 2 to 4 cm. (4.3%) or the high 
range of 8 to 10 cm. (2.5%). 

Eesults and Discussion. With regard 
to the general relationship of peripheral 
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venous pressure to pulmonary tuberculosis 
and collapse therapy, suffice it to say that 
observations in 55 patients lead us .to con- 
clusions quite similar to those of previous 
investigators. Deviations from the nor- 
mal are the exception rather than the rule, 
are observed most often unilaterally and 
usually on the side of more disease or 
collapse, and may be transient. 

Venous Pressures in Cases of Extra- 
pleural Pneumothorax. Table 1 shows 
data obtained in 4 cases of extrapleural, 
pneumothorax. For purposes of study, 
the extrapleural pneumothorax is of unique 
advantage in that intrathoracic pressures 
can be raised to levels seldom reached in 
present-day intrapleural pneumothorax. 
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The only comparable study in the litera- 
'ture offers interesting contrasts in method 
and theoretical interpretation, yet vdth 
considerable similarity in results. Holt® 
was concerned primarily with determining 
whether peripheral venous pressure is a 
function of right auricular pressure in man. 
He had his (normal) subjects breathe 
through a mouthpiece from a breathing 
chamber in which the pressure could be 
varied from 20 cm. of water above to. 
20 cm. below atmospheric pressure, while 
peripheral venous pressures were simulta- 
neously recorded. 

If our venous pressure data in Case 3 
(Table 1) be plotted (Fig. 1) on coordi- 
nates of same scale as used by Holt, a 


Table 1.— Venous Pbessures (V.P.’s) in Cases With Extrapleural Pneumothorax 




V.P. 

V.P. 



collapsed 

uncollapsed 

Case 

Extrapleural pressure* 

side 

side 

1. C. P.t 

+ 44, +48 

7 

4 

2. C. G. 

-5, -2 


Si 


After injection of 300 cc. of air: +18, +20 

Hi 

6i 

3. S. K. 

-13, -1 

5 



After injection of 200 cc. of air; —2, +2 

5 



After injection of 400 cc. of air: +10, +12 

9 



After withdrawal of 400 cc. of air: —2, +1 

5 



After injection of 300 cc. of air: +6, +10 

7i 



After injection of 400 cc. of air; +1C, +20 

11 



After removal of 400 cc. of air: —2, 0 

5 


4. L.W. 

-5, -2 

I3i- 

6i 


After injection of 300 cc. of air; +18, +20 

16J 

6i 


* Measured in centimeters of water relative to atmospheric pressure. 

t Case C. P. is not comparable to the others, in that venous pressures and extrapleural pressure 
determinations were not made simultaneously, hence the actual relationship between the 2 is not known. 



Fig. 1.— Graph correlatinp: venous pressure and extrapleural pressure. 
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linear relationship of very similar slope to 
that which he found becomes evident. 
The unchanged venous pressure in the 
face of ^^aried sub-atmospheric intratho- 
raeic pressures is to be' .attributed, we 
believe, to the partial collapse of the 
peripheral veins when intrathoracic pres- 
sures become markedly negative. Such a 
phenomena is described by Holt and may 
well explain the occurrence of normal 
venous pressures with high negative intra- 
pleural pressures observed by .all workers 
in this field. On the other hand, the 
magnitude of positive intrathoracic pres- 
sure changes necessary to produce rather 
small changes in venous pressure e.xplains, 
we believe, why elevations of venous pres- 
sure are only occasionally observed in the 
course of collapse therapy. 

Venous Pressures in Cases With 
Dyspnea, Table 2 summarizes our find- 
ings in 30 patients, all of whom showed 
more or less dyspnea at rest. All had a 
considerable amount of intrapulmonary 
disease but in most instances the usual 
clinical and Roentgen ray signs of right 
heart failure were absent or only equivocal. 
The generally bad prognostic import of a 
persistently elevated venous pressure and 
positive Pasteur-Rondot phenomenon in 
spite of therapy is apparent. Only excep- 
tionally could surgery be contemplated in 
such a patient. 

It is in this group of patients with 
dyspnea that venous pressure determina-’ 
tions offer invaluable information as to 
presence or absence of early heart failure 
as a component in the clinical picture, and 
this information is not readilj’' available 
in any other way. The “ djmamic” meth- 
ods of demonstrating impaired cardiac re- 
serve, invohdng as thej’^ do rapid infusions 
or exercise, are not without hazard. Cir- 
culation time determinations might help, 
but the interpretetion of results would 
be complicated in some cases by the fact, 
demonstrated by Feinsilver,® that arm-to- 
lung time is significantly reduced by any 
tj'pe of collapse therapy. On the other 
hand, the factor of presence of collapse 
therapy does not interfere n-ith interpre- 


tation of venous pressures for 2 reasons: 
(1) Variations in venous pressure due to 
collapse procedures are almost invariably 
. unilateral. (2) Use is made of the “hepa- 
to-jugular reflux” of Pasteur and Ron- 
dot,“'’^ as recently applied to venous pres- 
sure determinations by Hitzig.* This 
phenomenon, ■which is never observed with 
venous pressure alterations due simply to 
collapse procedures, is pathognomonic of 
right heart insufficiency, even when the ini- 
tial venous pressure is "ivithin normal limits. 

Briefly, the test consists of sustained 
and gradually increasing manual com- 
pression of the right upper quadrant while 
the patient is instructed to breathe nor- 
mally with the mouth open. With the 
manometer attached, the venous pressure 
is recorded at the end of 1 minute of sus- 
tained pressure. In the presence of a 
normally functioning right ventricle, the 
pressure remains unchanged or falls slight- 
ly. A rise in pressure is a sensitive indi- 
cator of right ventricular weakness. For 
an explanation of these phenomena the 
reader is referred to Hitzig’s paper.® 

The need for a means of differentiating 
cardiac from pulmonary insufficiency, or 
at least of recognizing a cardiac compo- 
nent in a given case, is very real. Griggs, 
Coggin and Evans® found that of 1470 
cases of tuberculosis coming to autopsy, 
3.7% showed right ventricular hypertro- 
phy, and 1.8% showed definite congestive 
failure. Due to the high incidence of 
tuberculosis, right ventricular hypertro- 
phy was seen more frequently (18,000 
consecutive autopsies) in patients "with 
tuberculosis than with any other pulmon- 
ary disease. 

Chronic pulmonary tuberculosis may 
result in pulmonary circulatory changes 
either by its destructive action, by par- 
enchymal fibrosis, by the effects of .asso- 
ciated emphysema, or secondary to col- 
lapse measures.^'*^ All these may produce 
venous pressure changes directly, as dis- 
cussed above, or the venous pressure may 
rise secondarily when the strain on the 
right heart results in cardiac insufficiency. 
Weiss and Blumgart,*® and Fishberg< found 



Table 2. — Venous Pbessures* in Patients With Dyspnea 




Right arm 

Left arm 



Initial 

Pasteur- 

f — 

Initial 

Pasteur- 

Case 

Date 

V.P. 

Rotidot ' 

V.P. 

Rondot 

I. G. B. 

4/17/47 

' 5 

7 

5 

8 

2. M. B. 

8/15/46 

5 

5 

7 

7 

3. T. B. 

9/18/46 

11 

« 

124 

9 

13 

4. M. C. 

2/ 7/46 

5 

44 

5 

44 

5. N. E. 

5/13/40 

10 

104 

13 

15 

6. D. F. 

0/ 6/47 

81 

00 

, , 

* , 

7. A. G. 

11/ 5/45 

7 

9 

5 

7j 


1/ 4/46 

17 

24 




12/31/46 

30t 





1/22/47 

15 

17 

15 

17 

8. B. H. 

5/27/47 

10 

10 

84 

84 

9. B. H. 

4/ 8/46 

IS 

17 

7 

94 

10. M. H, 

1/ 6/45 

105 

04 

10 

94 


4/ 1/46 

12 

18 




11/ 2/46 

15 

16 

134 

14 

11. J. H. 

6/19/40 

144 

18 

•• 

•• 

12. E. K. 

11/21/46 

15 

24 

16 

24 


12/17/45 

13 

19 

13 

19 


l/lS/46 

, . 


8 

94 

13. I. K. 

10/21/46 

7 

'64 

8 

8 

14. J. K. 

6/ 5/47 

04 

64 

54 

5 

15. A. K. 

4/23/47 

124 

16 



16. FI. L. 

6/19/47 

■ . 


44 

4 

17. G. L. 

4/23/47 

4 

4 

34 

34 

18. E. M. 

5/ 9/47 

104 

104 

9 

9 


19, A. M. 

3/24/47 

3 

4 

5 

64 

20. P. M. 

7/31/40 

10 

12 

19 

224 


8/ 1/40 

12 

IS 

164 

23 


8/ 2/40 

10 

12 

19 

224 


8/ 7/4G 

6 

104 

10 

144 

21. H. M, 

8/21/40 

8 

8 

9 

9 


10/10/46 

21 

28 

21 

30 

22. M. 0. 

4/ 8/4G 

8 

64 

?4 

64 

23. T. R. 

3/21/40 

0 

G 

10 

10 


3/20/47 

•• 


14 

18 

24. P. S. 

3/20/40 

4 

4 

6 

54 

25. R. S. 

2/11/46 

9 

104 

44 

5 

26. M. S. 

2/11/46 

9 

104 

44 

5 


5/20/46 

19 

24 

174 

24 


7/17/46 


•• 

17 

24 

27. F. W. 

9/5/46 

4} 

4i 

44 

44 


9/14/40 

54 

54 

84 

84 

28. G. IV. 

4/11/40 

17 

224 

IS 

23 


o/lS/47 



84 

11 

29. E. IV. 

12/27/46 

15 

15 

15 

15 

30. G. W. 

2/ 4/4G 

8 

6} 

t 

7 


* Venous pressures arc recorded to the nearc-t half-coniimetcr. 


Remarks 

Normal V.P.'s with positive _P-R phenomenon; 

cardiac insufficiency is anticipated 
Normal V.P.'s; severe dyspnea due to asthma and 
pulmonarj' emphysema , 

V.P.’s upper limit of normal rvith positive P-R 
phenomenon; other evidence of cardiac insuffi- 
ciency soon appeared; died 
Normal V.P.’s; in spite of severe dyspnea, the 
result of Extensive destruction, maintains status 
QUO as a “Rood chronic ” 

Elevated V.P.’s and positive P-R phenomenon; 
circulation times on same date_ normal; subse- 
quent course points toward anticipated cardiac 
failure 

Normal V.P.; dyspnea due to disseminated pul- 
monarj' disease 

First V.P.’s normal but P-R phenomenon positive; 
cardiac insufficiency thus anticipated and actu- 
ally ensued; responded temporarily to treatment 
but died in failure 4/7/47 

V.P.’s normal; dyspnea due to "frozen” nght lung 
and disseminated disease. 

Elevated V.P. on right (thprncopl.asty) side; P~R 
phenomenon positive bilaterally; has subse- 
quently survived 2 more surftical stages, but 
clinical course has been exceedingly precarious 
Progressive elevation of V.P.’s and appearance of 
positive P-R phenomenon: definite clinical evi- 
dence of right heart failure did not appear until 
1/2/47. 10 daj's before death 
Elevated V.P. and positive P-R phenomenon; also 
shows EGG ei’idence of right ventricular strain 
but no clinical failure as yet 
V.P.’s generally elevated and P-R consistcntlj' 
positive; ECO showed evidence of infarct ; thora- 
coplasty contraindicated by heart condition 
V.P.’s normal; died of massive hemorrhage; autop- 
sy revealed normal heart 

V.P.'s normal; severe emphysema but no cardiac 
insufficiency 

Elevated V.P. and positive P-R; has gone on to 
severe decompensation 

Normal V.P.; severe dj'spnca duo to pulmonary 
destruction and emphysema 
Normal V.P.’s; dyspnea due to extraperiosteal 
thoracoplasty on the left and disseminated 
disease 

V.P.'s upper normal; developed evidence of right 
heart failure on the surgical table and pulmon- 
aiy resection could not he completed; subsequent 
rapid infusion test showed latent cardiac in- 
sufficiency 

An instance of frank riglit heart failure due to thy- 
. rotoxicosis, with auricular flutter and fibrillation, 
and with normal initial V.P.’s but positive P-R 
phenomenon 

Elevated V.P.’s; positive P-R phenomenon; ad- 
mitted in congestive failure and died 9/7/46 


Normal V.P.'s on admission: later elevated with 
positive P~R; died 10/18/46; autopsy revealed 
hlTiertrophy and dilatation of the right ventricle 
Normal V.P.'s; severe dj-spnea due to thoraco- 
nlratj’ on left, cropi'eroa on right 
Admission V.P.’s normal; later elevated with posi- 
tive P-R; clinical eridence of right heart failure 
_ appeared on 3/29/47; died 3/31 /47 
Normal V.P.’s; verj' severe dj-spnoa due to dis- 
seminated disease 

Normal V.P.’s; positive P-R dj-spnea due at least 
’ ’ ■ no other evadence of cardiac 

; ' ■ ■ ■ ' obsen-ntion 

V.P. s normal to clcr'ated; P-R alwaj-s positive; 
died of massive hemorrhage I0/I4/4G; autopsy 
revealed right ventricular h.vpertrophv and dOa- 
^tation 

Normal V.P.'s; d.vspnea due to extcnriv'C paren- 
chymal destruction; although a desperately poor 
risk, has withstood 5 major operations 
Elevated V.P.’s and positive P-R; d.vspnea due to 
(uirdiac insufficiency on basis of thoracoplasty 
and disseminated diseases 
Elej’ated V.P.’s; no P-R: A— li time normal; A— T 
time prolonged: diagnosis; arteriosclerotic heart 
disease; left ventricular insufficiency 
Normal V.P.’s; ^-etv’ severe dj-spaea due to left 
extraperiosteal thoracoplasta* and extenrir'e 
disease 

t The upper limit of our apparatus. 
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instances of emphysema without heart 
failure, in which the venous pressure was 
somewhat elevated, but in the majority 
the pressures were within normal limits. 
In our experience, emphysema per se, in the 
absence of right ventricular insufficiency, 
does not cause elevated venous pressure. 

Nemet and' Rosenblatt’* reported an 
incidence of right ventricular h^'pertrophy 
of 46.5% in 71 consecutive cases of pul- 
monary tuberculosis coming to necropsy. 
“While it is true,” they state, “that car- 
diac enlargement and cardiac failure are 
by no means sjmonjTnous terms, never- 
theless the former represents an earlier 
phase of the latter condition. It seems 
rational, therefore, that, just as there, is 
a transition period of pathologic changes, 
there should be a transition period before 
the patient goes into recognizable cardiac 
failure in which the cardiac sjTuptoms 
are obscured hy those of the pulmonary 
disease. At present it is impossible to 
distinguish clinically betu'een pulmonary 
and cardiac insufficiency in the early stages 
of cardiac failure.” Actually, only 11 of 
their 33 cases were recognized clinically 
(antemortem) as having heart disease. 
Less than half showed hepatomegaly or 
peripheral edema. Roentgenograms and • 
electrocardiograms u'ere of scant value in 
establishing the cardiac diagnosis, ■ and 
“ venous pressure readings did not always 
parallel the degree of venous distention.” 
Hitzig® also pointed out this occasional 
failme of the conventional venous pres- 
sure determination to indicate even frank 
cardiac insufficiency. An example in our 


own series may be seen in Case 19. It 
■noil be noted however that the positive 
Pasteur-Rondot phenomenon is present in 
that instance. We feel that use of this 
test in addition to the usual venous pres- 
sure determination offers a reliable and 
quite sensitive index of the functional 
reserve of the right heart. 

Pinal proof of this last statement must 
await accumulation of a considerable ser- 
ies of autopsy cases. Of the 30 cases in 
Table 2, 7 have so far died, and of these, 
4 have come to autopsy. Of the latter, 
3 had antemortem elevated venous pres- 
sures and positive Pasteur-Rondot phe- 
nomenon and showed postmortem evi- 
dence of cardiac failure. One who showed 
no postmortem evidence of failure had 
normal venous pressures and a negative 
Pasteur-Rondot response in life (Case 8). 

Conclusions. 1. Venous pressure stud- 
ies on 55 patients with pulmonary tuber- 
culosis confirm earlier reports that changes 
in the venous pressure are inconstant, 
often transient, and usually unilateral on 
the side of more extensive disease or 
collapse. 

2. Peripheral venous pressure bears a 
linear relationship to positive intratho- 
racic pressiure but probably not to nega- 
tive intrathoracic pressure. 

3. Venous pressure determination, if 
use is made of the hepatojugular reflux 
phenomenon of Pasteur and Rondot, offers 
a valuable means of detecting cardiac 
insufficiency in cases where cardiac symp- 
toms may be obscured by concurrent 
pulmonary disease. 
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The diagnosis of psychoneurotic states 
is too frequently made on the basis of 
exclusion. A clinically applicable diag- 
nostic test to aid in the confirmation of 
such a diagnosis would be of considerable 
value, especially on the medical and surg- 
ical wards of a general hospital where the 
services of a psychiatrist may of necessity 
be limited to those patients who are obvi- 
ously mentally ill. Chapman^ and Chap- 
man ei al?'^ have reported that psycho- 
neurotic patients, including those with 
anxiety tension states, conversion hysteria, 
and hypochondriasis have a lower pain 
reaction threshold than do the non- 
neurotic controls, and they suggest that 
“this test might be used as an aid in the 
diagnosis of neurocirculatory asthenia, 
effort syndrome, and anxiety neurosis.”^ 
An experiment of ours in progress at tlxe 
time of publication of their report was 
designed to investigate the feasibility of 
using the Hardy-Wolff-Goodell pain 
threshold apparatus as a diagnostic aid in 
an unselected series of general medical 
patients. 

Materials and Method. The Hardy- 
Wolff-Goodell apparatus^ was modified so 
that light from a 500 watt incandescent lamp 
passing through a condensing lens was 
focused through a fixed aperture onto the 
blackened sldn of the subject’s forehead and 
hand alternate!}’. The sites selected for test- 
ing were the midline of the forehead and the 
dorsum of one hand on each subject. An 
electrically timed shutter was opened for 
exactly 3 seconds for each trial. A complete 
test for one subject included a series of S to 
15 different stimuli of var}’ing strengths so 
administered as to allow the determination 


of the pain perception threshold and the pain 
reaction threshold, the lowest level from 
either the forehead or the hand being con- 
sidered as the threshold. 

The pain perception threshold is the lowest 
level of stimulation at which the subject per- 
ceives a sharp, stinging, prickling sensation. 
The pain reaction threshold is the lowest 
level at which the subject demonstrates a 
motor reaction, that is, a wince or a wdth- 
drawal. 

A voltmeter was attached across the lamp^ 
circuit, and the instrument was calibrated 
so that the amount of radiant energy passing 
through the testing orifice at any particular 
voltage was knovm accurately. This calibra- 
tion was checked frequently, and it was 
found that the energ}' output for a constant 
voltage was constant from day to day. 

Prior to testing, subjects were instructed 
as to the nature of the endpoint for percep- 
tion by being told that sometime during the 
series of trials the}’ would feel a sharp, sting- 
ing, burning, jabbing, pricking, prickling sen- 
sation or they would feel as if the warmth 
swelled to a point at the end. They were 
told that the sensation of warmth was not 
the desired endpoint. Reaction was not 
mentioned before the test. 

Unselected ambulator}' patients from the 
medical wards of the State of Wisconsin 
General Hospital were tested within a few 
days of their admission. Clinical studies and 
diagnoses were not available to the operator 
until each test had been completed. The 
diagnoses were then recorded together with 
the pain perception and pain reaction thresh- 
olds. All tests were performed by the same 
operator. None of the patients had received 
analgesics on the day of the test. 

The subjects were di^^ded into two groups 
for statistical analysis; (a) 71 patients with 
a primar}’ diagnosis of ps}'choneuro 3 is. This 


* Aided by .n grant from tlio Wisconsin .A.Iumni Research Foundation. 
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group was predominantly composed of 
' patients with anxiety tension states but in- 
cluded some patients with conversion hys- 
teria or hypochondriasis. A few of them also 
had organic disease which was not considered 
to be detrimental to the validity of this test. 
(b) 138 non-neurotic subjects, including 108 
non-neurotic medical patients and 30 medical 
students and hospital personnel. 

Results. The pain perception threshold 
proved to be a mean for 138 non-neurotics 
of .348 gm.cal./sec./cm.^ * and a mean for 
71 psychoneurotics of .347 gm.cal./sec./ 
cm.® This is not a significant difference in 
the means. 

The pain reaction threshold showed a 
mean for 138 non-neurotics of .502 gm. 
cal./sec./cm.® and a mean for 71 psycho- 
neurotics of .447 gm.cal./sec./cm.® 

This is a highly significant difference 
between the two means; the critical ratio 
is over 4.9, indicating that these results 
would occur by chance less than once in 
10,000 trials. 

Discussion. The diagnosis of psycho- 
neurosis were made by the medical staff. 
Over 50 % of the psychoneurotic patients 
were examined by a psychiatrist who con- 
firmed the diagnosis. 

The difference between the mean pain 
perception threshold of psychoneurotics 
and that of non-neurotics is not significant 
statistically. There is practically no differ- 
ence between the means. This is in direct 
contrast to a widespread but very likely 
erroneous clinical impression that psycho- 
neurotics feel pain from a lesser stimulus 
than do non-neurotics. 

The difference betv^een the mean pain 
reaction threshold of neurotics and non- 
neurotics is highly significant statistically. 
Inspection of the graph (Fig. 1), which 
compares the pain reaction threshold of 
psychoneurotics and non-neurotics, reveals 
that, despite a highly significant difference 
in the mean reaction thresholds, there is 
extensive over-lapping of individual levels 
in the two groups. It is apparent that 
there is no demarcation which might serve 
as a dividing line in clinical application of 


this test. Fifty-two per cent of the psycho- 
neurotic group had a reaction threshold 
below .455 gm.cal./sec./cm.,® while only 
23% of the non-neurotics reacted below 
this level. Using .385 gm.cal./sec./cm.® as 
an arbitrary point of differentiation, one 
finds 30% of the psychoneurotic group 
reacting below this level, while only 6.5 % 
of the non-neurotic group had a pain reac- 
tion threshold befow that figure. 

Psychoneurotics are more apt than non- 
neurotics to demonstrate a fusion of their 
perception and reaction thresholds; that is, 
to react as soon as they perceive pain. 
Of the ps 3 'choneurotics, 18.3 % fused their 
perception and reaction, while only 4.3 % of 
the non-nemotics .exhibited this phenom- 
enon. It is of interest to note the nature 
of the illnesses in the 4.3% of the non- 
neurotic group who had no spread between 
perception and reaction thresholds. There 
were 7 subjects in this group. The 2 men 
had peptic ulcers. One of the 5 women 
was later diagnosed as probable conversion 
hysteria; 1 had a duodenal ulcer; 1 was a 
behavior problem and had syphilis; 1 had 
a spontaneous pneumothorax; and 1 was a 
medical student with no known disease. 

The fact that each subject was tested 
only once might be considered, by some as 
detracting from the validity of the results. 
This criticism was anticipated, but the 
experiment was designed to determine the 
feasibility of using this apparatus as a 
clinical aid" in the diagnosis of psychoneu- 
rotic states. Because of this goal it was 
considered advisable to test each subject 
only once. The method would be less 
practical for clinical use if it were neces- 
sary to test each subject on several differ- 
ent days. Chapman ct al? have sho^ 
that 11 subjects tested on 6 consecutive 
days failed to show any significant varia- 
tion from the value recorded on the first 
test. 

Reference to the graph (Fig. 1) reveals 
that many of the subjects clinically diag- 
nosed as psychoneurotics had a pain reac- 
tion threshold as high as that of the non- 


♦ Gram calories per second per square centimeter. 
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neurotics. It is also apparent that a not 
inconsiderable number of non-neurotics 
had a low pain reaction threshold. There 
were numerous cases in which the clinical 
diagnosis of several independent examiners 
was anxiety tension state, although the 
pain thresholds of these same subjects 
were definitely in the higher levels. Stated 
differently, these psychoneurotics had 
“normal” pain reaction thresholds. 


pain reaction thresholds and pain percep- 
tion thresholds were determined in 71 
patients with a diagnosis of psychoneuro- 
sis, and in 138 non-neurotic patients and 
medical personnel. 

There was no significant difference be- 
tween the mean pain perception threshold 
of psj’^choneurotics and non-neurotics. 

There was a highly significant difference 
betR'een the mean pain reaction threshold 



280-385 366 -.455 <156 -.560 


Fig. 1.— Pain Reaction Thresholds. Solid: Psyclioneurotics. Diagonal: Non-ncurotics. Abscissa: 
Pain reaction threshold expressed in gm.cals./sec./cm.® Ordinate: Percentage of subjects reacting 
between these levels. 


It is realized that the patients diagnosed 
as psychoneurotics form a very heterogen- 
eous group. Even those with an anxiety 
tension state are a heterogeneous aggrega- 
tion, and one might anticipate considerable 
scattering of the pain thresholds in a group 
of psychoneurotics, or even in the more 
limited classification of anxiety tension 
state. However, it is apparent that a con- 
siderable number of psychoneurotics have 
a definitely low pain reaction threshold. 
From results obtained in this experiment, 
the authors were unable to establish the 
common factor necessary for manifestation 
of a low pain reaction threshold. 

Summary and Conclusions. 1. Using a 
modified Hardy-Wolff-Goodell apparatus, 


of psychoneurotics and non-neurotics, that 
of the neurotics being distinctly lower. 

2. Failure to show a spread between per- 
ception and reaction threshold is strong 
evidence for the existence of a significant 
emotional disturbance. It occurs more 
often in psychoneurotics tiian in non- 
neurotic persons. However, a normal pain 
reaction threshold is not evidence against 
the existence of a psychoneurosis, since a 
considerable number of severe psychoneu- 
rotics showed normal pain reaction thresh- 
olds. 

3. The Hardy-Wolff-Goodell pain thresh- 
old apparatus is of limited value in con- 
firming tlie diagnosis of psychoneurosis, 
but of no aid in ruling out such a diagnosis. 
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The present concept of the etiology, 
pathology and treatment of rheumatoid 
arthritis is at best an inconclusive, indi- 
vidualized interpretation of a mass of con- 
flicting clinical and laboratory data. As 
with few other diseases, speculation has 
run the gamut e.vperimentally and thera- 
peutically, and one needs only to read the 
pertinent literature to direct accordingly 
his approach to the patient's disease. Corn- 
roe,^ in his monograph on arthritis, has 
exhaustively corapended this maze of sta- 
tistical conflict. 

In the literature, both old and new, 
there are many references to the abnormal 
vascular pattern of rheumatoid arthritis. 
Few authors have presented any sound 
evidence of this suspected %'^ascular altera- 
tion. Considerable investigation, however, 
has been carried out in the therapeutic 
efi'ect on the disease by agents tending to 
alter or correct the vascular picture.®-*^'*®'"' 
Some workers have failed to demonstrate 
any vascular change and, therefore, have 
questioned its existence or have/ assumed 
that, if present, it represents nothing more 
than a concurrent feature.^'® 

Recentlj'’ there have appeared in the 
literature a number of valuable presenta- 
tions which may lead to a clearer under- 
standing of the basic vascular condition in 
rheumatoid arthritis. Pemberton and 
Wright,®® and Kovacs, Wright and 
Duryee,’® a number of years back, at- 
tempted to illustrate vascular changes by 
the measurement of the temperature of 
the nail-beds in arthritic individuals. More 


recently Martin et al.^ by careful evalua- 
tion of skin temperatures, demonstrated a 
sluggish vasoconstriction and vasodilata- 
tion in many subjects with rheumatoid 
arthritis. 

Kersley,®® in a series of cases, reported 
vasospasm as an early feature of this dis- 
ease. Naide et oL,®® felt that vasospasm 
might well be a predisposing factor, and 
further stated that the individual with 
rheumatoid arthritis has a high degree of 
vascular tone which they defined as an 
impairment of the lability of the blood 
vessels. The characteristic pattern which 
they felt diagnostically important was the 
persistently high grade of vascular tone 
with a dissociation tjq)e of response in the 
involved digit or extremity. 'This concept 
of a characteristic vascular pattern in 
rheumatoid arthritis is in contrast to that 
of Hench,® who ascribed the vasomotor 
changes of chronic arthritis as neither the 
cause nor an essential feature of the dis- 
ease, but rather as a complication occur- 
ring at times in varying degrees as the 
sympathetic nervous system was perhaps 
affected by “toxins” of the disease. 

Naide d felt tha,t there was evi- 
dence presented by patients with rheu- 
matoid arthritis suggesting an increased 
sympathetic tone which accounted for the 
high vascular tonicity as well as many 
other features, such as increased sweating 
and increased pupil size. This evidence of 
autonomic nervous system imbalance m 
rheumatoid arthritis gives rise to interest- 
ing speculation as to the role of the auto- 
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nomic nervous system in rheumatoid arth- 
ritis in relation not only to etiology but to 
treatment. , 

Many of the accepted and commonly 
used therapeutic agents basically are 
vascular in effect, and many others not of 
this specific nature may quite likely exert 
such an effect. The efficiency of certain 
of these standard agents, from a vascular 
standpoint, has been repeatedly reported. 
The use of massage and heat of various 
forms has long been associated with the 
handling of rheumatoid arthritis. Wood- 
niansey^^ describes the vascular reactions 
to contrast baths and states that the effect 
sought is the active exercise of the per- 
ipheral vessels. Sympathectomy has been 
shown to improve circulation in peripheral 
joints and to relieve joint pains.®-^^ Gang- 
lionectomy is occasionally used to relieve 
pain in rheumatoid patients, the benefits 
resulting probably from improvement in 
local circulation by the blocking of sym- 
pathetic outflow.^® Naide^® suggested that 
treatment such as that given in other 
vasospastic disorders, in which emphasis 
is directed towards vasodilatation by in- 
terruption of hyperactive vasoconstrictor 
reflexes tlirough paravertebral block or 
caudal anesthesia might benefit these 
patients. Artificial fever therapy has been 
shown to produce partial symptomatic re- 
lief of days or weeks duration.®'^®'^® Martin 
et by vasodilatation using physio- 
therapeutic measures, showed that after 7 
to 30 days of treatment patients showed an 
increased tolerance to cool environmental 
temperatures. The use of large doses of 
nicotinic acid, both intravenously and 
orally, for its vasodilating effect has been 
reported by Kurtz^^ who in treating 36 
cases, mostly clu-onic and of long duration, 
obtained favorable results with improve- 
ment in almost 75 %. 

In 1946, Gillman and Gillman^ reported 
favorable results obtained with 70 patients 
who had polyarthritis, using an unorthodox 
spinal pumping procedure first described 
by Speransky.^® They noted objective 
and subjective signs of improvement with- 
in 4S to 72 hours in more tlian S0% 


of their cases. Unfortunately in the re- 
porting of these cases, no attempt was 
made to subclassify these arthritides, so 
that proper evaluation of the reported 
results is difficult. The remarkable feature, 
however, was the profound effect of the 
pumping procedure on the peripheral vas- 
cular medianism as evidenced by severe 
sweating, a rise in skin temperature, and 
a marked dilatation of capillaries. The 
degree and duration of the dilatation of 
the peripheral vessels was much greater 
than that achieved by sympathetic blocks, 
according to the authors. This effect was 
maintained in many patients for months. 

Gubner® noted an increase in peripheral 
blood flow by the use of amino acids, 
notably glycine. He reported the effects 
in 25 patients, 9 of whom had peripheral 
vascular diseases. The method was not 
used in patients with rheumatoid arthritis. 
He found that the skin temperature rises 
obtained were fully equivalent to those 
resulting from nerve block, indicating max- 
imal vasodilatation. 

Therapeutic Methobs. An approach 
to the management of rheumatoid arthritis 
mainly from a vascular viewpoint ap- 
peared to be worthy of consideration. The 
treatment that has evolved at this Naval 
Hospital consists of agents and procedures 
for influencing the vascular system. 

Upon admission of a patient with acute 
involvement of joints, constant packing 
of both the involved joints and the sur- 
rounding soft tissue well beyond the in- 
volved joints is initiated immediately, 
using hot moist foments. This is continued 
for a period of 72 hours or more until the 
acute edema and the acute pain have been 
alleviated or eliminated. The packing is 
similar in technique to that described by 
Kenny.” Following this phase, tlie patient 
is then subjected to the spinal flushing 
procedure of Speransky. The technique 
for this latter is that of doing first a 
lumbar puncture and then aspirating and 
reinjecting spinal fluid. Twenty cc. of 
spinal fluid are aspirated slowly consuming 
about 60 seconds; the fluid is then re- 
injected at about the same rate witliout 
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removal of the syringe or needle.' This is 
repeated 20 times. The final 20 cc. of 
fluid withdraAvn is not re-iniected but is 
■ sent then to the laboratory for routine 
spinal fluid analysis. Further treatment 
is then vitliheld for the next few days 
until all deleterious effects (mainly head- 
ache) secondary to the spinal pumping 
have disappeared. 

The patient then begins a course of 
typhoid vaccine-autohemotherapy. The 
course consists usually of 6 fever sessions 
induced tvuce weekly for 3 weeks. At the 
same time that triple tj'phoid TOccine is 
given intravenously, 10 cc. of the patient’s 
blood withdrawn from the arm are re- 
injected into the gluteal muscles. A violent 
chill with subsequent fever of 102 to 104 
degrees sustained for 4 to 6 hours is the 
effect desired. 

Between these fever treatments the 
patient is given nicotinic acid orally twice 
daily before meals in amounts sufficient to 
produce peripheral flushing. 

Diets consist of normal house diets con- 
taining approximately 2200 calories. 

Phj’^sical therapy is utilized in those 
cases where indicated. Remedial exercises 
and reambulation are initiated early by 
the Physical Medicine Department. 

In the process of the evolution of this 
current method of handling rheumatoid 
arthritics, many patients received trials 
with only spinal pumping or with only 
fever therapy before the combined use of 
spinal pumping and typhoid-autohemo- 
therapy was found to be productive of the 
best results. 

Results of Treatment. In 11 patients 
of this series, active treatment consisted 
of Speransky spinal pumping alone. Nine 
of these patients were clearcut cases of 
rheumatoid arthritis, 1 of Marie-Striimpell 
arthritis, and 1 of psoriatic arthritis. 
Except in the case of psoriatic arthritis 
and that of Marie-Striimpell arthritis, 
there were certain definite subjective and 
- objective benefits obtained in all cases. 
The most consistent effect was the marked 
decrease or elimination of the annoying 
fibrositic component complained of by the 


patients ; not only was there improvement 
in the jelling experienced with waking in 
the morning but also with the jelling 
secondary to inactivity and that associated 
with barometric changes. Secondary to 
this improvement, the patient’s sleep im- 
proved, his appetite increased, he felt well 
in the morning, and his general sense of 
well-being was appreciably stimulated. In 
all cases there was some degree of improve- 
ment and in some, complete elimination 
of the peripheral coldness of extremities. 
Objectively, there was improvement in 
skin warmth and a decrease in blueness; 
while facilities were not available for re- 
liably recording skin temperature changes 
in a constant temperature environment, 
the changes were nonetheless sufiiciently 
marked both subjectively and objectively 
to be of striking significance. In general, 
there was diminution of joint pain but this 
was not a consistent observation. In con- 
trast to the report of Gillman and Gillman^ 
•who noted improvement in the acutely 
-inflamed joints within 48 hours, there 
were no such changes noted in these 
patients, nor was there any consistent or 
significant change in sedimentation rates 
secondary to the pumping as reported by 
those investigators. Repumping was car- 
ried out in 3 cases; in 1 patient, who had 
experienced excellent effects initially with 
recurrence of sjTnptoms after 44 days, 
repumping was again effective. In the 2d 
case repumping was carried out 3 months 
after the initial procedure because of poor 
response, and results following this 2d 
pumping were equallj'’ disappointing. In 
the 3d case there had been no complaints 
of coldness, jelling or other vasomotor 
sjuaptoms. Pumping initially did not 
relieve joint pain, swelling or immobility, 
and a repumping 4 months later was simi- 
larly ineffective. In all cases except these 
3 the beneficial effects obtained were sus- 
tained. In no cases were there ill effects 
other than the transient headaches sec- 
ondary' to usual lumbar puncture. Four 
cases of this group, of which 3 were the fail- 
ures mentioned above, were later subjected 
to typhoid-autohemotlierapy treatment. 
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Case Eeports. Case 1. W. D., a 24 year 
old rrMte male admitted on April 22, 1946. 
had been chronically ill with rhenmatoid 
arthritis for 5 yearn prior to admission. He 
had received gold therapy with no effect. 
The year before admission he had been 
placed in a hip spica cast to prevent joint 
deformits' of the left hip; ankylosis of the left 
hip and of the lumbar spine resulted. Serial 
Roentgen ray studies have shown a progres- 
sing fibrous ank}'losis of the left hip and 
spine with roughening of the left femoral 
head and decrease in joint space, progressive 
bridging of the intervertebral spaces of the 
lumbar spine, obliteration of the sacro-iliacs 
bilaterally, and beginning changes in the 
inferior portion of the right hip joint. Read- 
mission at this time was necessitated by 
dependent erjdhema and paresthesia of the 
left foot, and severe muscle cramping in the 
left leg. -The latter was of such severity that 
the patient v/as bedridden, afraid of moving 
for fear of j)recipitating such episodes. Dur- 
ing the entire period of illness the patient had 
an elevation of his sedimentation rate. On 
conservative measures of bed rest and blood 
transfusions, there was no response clinically. 

On July 15th he was given a S])cransky 
spinal flushing. As a result there was im- 
mediate increase in warmth of extremities, 
elimination of jelling, and relief of the leg 
spasms. The sedimentation rate remained 
elevated. Nine days following the pumping, 
the patient was sufficiently free of pain to 
begin walking in a mechanical walker. 

On September 5th because of lack of 
increase in motion in the deformed joints, 
it was decided to have the left hip and knee 
manipulated. As a trial to determine the 
efficacy of increased blood supply in such a 
procedure it was decided to repump; this 
was done on the 5th and the following day 
manipulation under intravenous anesthesia 
was carried out. Despite traction, under- 
water e.xercises, and physiotherapeutic meas- 
ures, the motion gained by manipulation was 
lost, the patient was not benefited, and 
apparent ankjdosis returned. 

On October 10th, because of hip joint pain 
and in order to ascertain the role of joint 
pain in the limitation of joint motion, para- 
vertebral blocks were carried out on 2 
occasions: for 2 hours after the 1st block 
the patient was able to accomplish some 
painless hip motion, but the subsequent 
block was a failure. 


On November 20. 1946, the sedimentation 
rate was for the fii-st time normal. 

On .January 16. 1947, a vitalHum cup 
arthroplasty of the left hip was performed. 
To d.ate, i-esults have been good; the patient 
now has good range in all directions except 
hypertension of the hip (this limitation being 
largely duo t o low ba ek a nky losis) . The sedi- 
mentation rate has remained normal. 

Since the initial Speransky the subjective 
warmth and comfort in the affected pavt.s 
has remained good; the relief from jelling 
has persisted. 

Cask 2. \V. W, P., a 30 year old white 
male, admitted on March 10, 1916, had 
chronic rheumatoid arthritis with advanced 
deformities of the small joints of both hands 
and feet and marked generalized muscular 
atrophy. 

In the summer of 1943 the jiationt had 
noticed a painful right ankle for one week. 
In August, 1044, he developed pain and stiff- 
ness in the left knee, which improved under 
symptomatic treatment. In October, 1944, 
he developed acute pain and swelling in the 
right ankle and was then hospitalized by the 
Army. While in the hosjutal there was 
progressive spread, with involvement, of the 
elbows, wrists, fingers, knees, ankles and 
feet. There was increased local heat, and 
swelling, most marked about the knees, and 
limitation of motion in both hips. In the 
first 2 months of his illness he lost 70 jioinuls 
in w'cight, from a normal of 100 pounds to 
90 pomrds. He was treated wit,h jihysical 
therapy and general supjmrtivo moa.siu'e.s. 
Following transfer to the United Slates he 
w'as given a course of gold (775 mg.) with 
no subjective benefit; physiothemjieutic 
measures were continued. 

Upon admission to tbis hospital in March, 
1946, 3 years after the onset, the patient 
w’cighed 100 pounds. There was rnarked 
generalized muscular atrophy, pain, swelling 
and contracture deformities of the elbows, 
wrists, fingens, knees and feet. The blood 
sedimentation rate was 27 mm. in 1 hour. It 
was felt that he had an extensive deforming 
arthritis which was still in an active st.age. 
He was treated for the fir.«t .3 months with 
blood transfusions, prostiennine, pliyi'ie.al 
therapy and general supportive measures. 
There was no improvement. 

On July 29, 1946, a Speran‘-ky spinal 
flushing w.as done. On the fir.^^t day following 
this p.'-ocedure the patient noted subjective 
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warmth of the hands and feet and diminution 
of pain upon joint motion. Objectively there 
was marked increase in cutaneous warmth. 
The patient no longer had jelling; slept well 
and felt well u^ion awaking in the morning. 
There was a general increase in sense of 
well-being and an increase in appetite. By 
the 7th day the patient felt that joint move- 
ments were freer and he began walking with 
mechanical aids. Filtj^-five days after the 
pumping the patient was started on a 200 gm. 
protein diet supplemented b}’’ intravenous 
protein feeding. Ph 3 rsiotherapeutic and gen- 
eral supportive measures were continued. On 
a graduated activity program he became 
reambulated. One hundred and thirty-eight 
days follomng the pumping the initially 
noted beneficial effects were still present. 
Upon discharge in February, 1947, he had 
regained 34 pounds, was ambulatorj^, and 
was retaining his Speransky effects. 

Typhoid Vaccine-autohemotherapy 
Alone. Three patients with clear-cut 
.rheumatoid ■ arthritis were treated with 
typhoid vaccine-autohemotherapy alone. 
In all of these patients there was elimina- 
tion of joint pain, a marked decrease in 
joint swelling, and an. increase in joint 
mobility usefulness. Following a depres- 
sion of appetite during the febrile state, 
there was considerable improvement in 
appetite following the treatment. There 
was no effect on the jelling or other changes 
in the vasomotor manifestations of the 
disease. The sedimentation rates showed 
no decrease and in some cases showed an 
increase. There were no ill effects. 

Case 3. Mrs. H. B., a 24 year old white 
female, admitted on December 2, 1946, had 
typical spindling of the proximal interpbal- 
angeal joint, of the left second finger, 
enlarged and tender second metacarpo- 
phalangeal joints bilaterally, enlargement 
and limitation of range of motion in the 
right wrist, and tenderness of the small joints 
of both feet. There had been no weight 
loss. The blood sedimentation rate was 
30 mm. in 1 hour and there was no anemia. 

The onset of the illness had been 3 years 
previouslj', following the birth of a second 
child. Initially there had been acute swelling 
and soreness of the small joints of the feet 
with associated periarticular redness and 


tenderness and migration to involve the 
fingers, wrists, knees and shoulders. In the 
course of the 3 years prior to admission, the 
patient had been variously treated by 15 
doctors without appreciable benefit. 

After admission to this hospital, the 
patient received a course of 6 fever treat- 
ments with typhoid vaccine and blood with 
good febrile responses. Thirteen days after 
admission she was discharged with objective 
and subjective improvement ; final evaluation 
w'as withheld until she had returned to full 
acthity. Upon discharge the patient was 
given nicotinic acid to be taken in 200 mg. 
doses (taken in 2 doses of 100 mg. each at 
15 minute intervals) twice daily before the 
noon and night meal for its cutaneous flush- 
ing effect. A recheck 1 month following dis- 
charge from the hospital revealed no joint 
s 3 Tnptoms except for residual periarticular 
thickening about the right wrist and tender- 
ness about the small joints of the right foot. 
There w'as increased range of motion in the 
right wrist, and all metacarpo-phalangeal 
tenderness and joint limitation had subsided. 
There had been slight improvement in jel- 
ling. However, there bad been only a slight 
change 'in the other subjective peripheral 
vasomotor complaints, and the jelling with 
barometric changes which previously had 
been a major complaint persisted in some 
degree, in spite of the fever sessions and the 
nicotinic acid flushes. 

Combined Speransky and Fever 
Therapy. Seventeen patients were 
treated with a combination of Speransky 
spinal pumping and typhoid vaccine- auto- 
hemotherapy. Of this group, 14 were clear- 
cut cases of rheumatoid arthritis and 2 
were arthritides probabty of the rheu- 
matoid ty'pe. 

The patient with Marie^Strfimpell arth- 
ritis received no benefit from eitlier the 
Speransky procedure or from the course of 
typhoid vaccine-autohemotherapy. 

Of the 2 probable rheumatoid cases, 1, 
an intermittent hydroarthrosis case, re- 
ceived moderate benefit from the spinal 
pumping and w’as considerably improved 
following the 6 fever treatments. The 
second probable rheumatoid patient ob- 
tained marked improvement in his vaso- 
motor and fibrositic symptoms from the 
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he was Si’^mptomaticallj'^ quiescent and ambu- 
latory. The sedimentation rate remained 
static, 26 to 30 mm. in 1 hour throughout 
the hospital stay. 

Case 5. R. V. B., a 56 year old white 
male admitted on September 4, 1946, came 
to the hospital in a wheelchair. He was 
unable to stand and had to be lifted from 
the chair to his bed. There was marked 
swelhng, tenderness and increased local heat 
about the right wrist, the first metacarpo- 
phalangeal joint, the right elbow, both knees, 
and both ankles. There was marked muscle 
wasting about the involved joints and the 
patient reported a weight loss of 45 pounds 
in the preceding 4 months. The sedimenta- 
tion rate on admission was 26 mm. in 1 hour 
and there was an anemia, with 3.6 million 
red cells per c.mm., and 9 gm. of hemoglobin. 

In May, 1946, 4 months prior to admis- 
sion, the patient had developed acute tender- 
ness and swelling of the left second toe vdth 
progression to the right knee and later to the 
left knee, the right hand, the right elbow, 
the right wrist and shoulder, and both 
ankles. He had received no treatment for 
his arthritis prior to admission. 

On September 28th the patient was given 
a Speransky spinal pumping. For several 
days there v'as subjective decrease in joint 
pain and increased joint mobility but this 
was quickly transient, and, in retrospect, it 
was not considered significant.' On October 
29th a course of chrysotherapy was begun 
and a total of 500 mg. (h'lj'^ochrysine) was 
given with no subjective or objective im- 
provement. On Januari" 13, 1947, the patient 
was given a spinal flushing and again there 
was no significant effect. On January 14, 
1947, t 3 ’'phoid vaccine-autohemotherapy was 
begun and in the course of the next month 
the patient received 6 sessions with good 
febrile responses to each. Following the 3d 
fever, joint pain had raarkedty decreased 
and joint mobility had appreciably increased, 
so that the patient was able to begin stand 
balance exercise preparatory to reambula- 
tion. "inth each subsequent fever session 
there was marked improvement. There was 
improvement in appetite, general sense of 
well-being, and increase in weight. The 
patient was graduated to more and more 
active exercises in the remedial exercise 
gj'mn.'isium. Three months follomng initia- 
tion of the typhoid vaccine-autohemotherapy 
regimen the patient was ambulatorjq he had 


regained muscle bulk and muscle strength 
and 20 pounds of weight. There was residual 
slight heat and swelling about the left ankle 
and slight non-tender swelling about thfe 
right first metacarpal head. In the course 
of his management the patient had received 
a trial of prostigmine vdth minimal benefits; 
he had received intramuscular liver and oral 
iron preparations for his anemia, general 
supportive measures, and daily physical 
therapy. During the course of treatment 
the sedimentation rate has remained 26 to 
30 mm. in 1 hour. 

Discussion. The attempt to treat rheu- 
matoid arthritis from a vascular approach 
is presented because of the definite effect 
produced in a relativety short period of 
time on an otherwise progressive disease. 
Nine patients demonstrating true rheu- 
matoid arthritis were treated with spinal 
pumping alone. One patient with psoriatic 
arthritis and one with Marie-Striimpell 
arthritis were also subjected to this pro- 
cedure. 

It is difficult to postulate the mechanism 
of the action of the Speransky procedure. 
In- his interpretation of disease, Sper- 
ansky’® begins with the assumption that 
all disease represents an alteration in the 
general physiology of the body so that a 
new entity, or being, is produced. This, 
he reasons, is mediated through the nerv- 
ous system; spinal pumping under such 
circumstances, he theorizes, produces an 
irritation of the nervous system and thus 
alteration of the pathologic nerve path- 
ways and patterns, and production of new 
pathways and patterns. No attempt is 
made here to explain or theorize on the 
phj'siologic basis for the effects of spinal 
pumping, but rather to present the results 
obtained in this small series. 

The patients treated in this series con- 
stituted a group that could be seen daily, 
living in a service hospital. All patients 
had had their disease for a long enough 
period of time to be classified as chronic 
cases; the duration of the disease in the 
patients receiving the pumping alone 
ranged from 1 to 22 j'cars. The average 
age of the patients was 34 j’cars. ith the 
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exception of the case witli psoriatic arthritis 
and that with Marie-Strumpell arthritis, 
all patients had received some standard 
forms of therapy, including chrysotherapy, 
physical therapy, prostigmine, and others, 
and all had failed to demonstrate any 
evidence of impending remission. Of 
the 9 rheumatoid arthritics treated, 8 
were complete bed patients. All of the 
patients demonstrated evidence of ac- 
tivity such as anemia, increased blood 
sedimentation rates, and active joint in- 
volvement. In these patients with frank 
rheumatoid arthritis the response to 
pumping occurred within 48 hours. The 
patients noticed increased warmth in their 
extremities, and the severity of the pain 
in joints decreased, so that the patients 
attempted to move previously fixed joints. 
This observation is similar to that of 
Gillman and Gillman.^ In 1 patient the 
crippling muscle spasms of the left leg 
were entirely eliminated and have not 
reappeared even with extensive exercise, 
orthopedic manipulation, and later hip 
arthroplasty; his response has persisted 9 
months. In another patient (Case No. 2), 
similarly marked changes were noted and 
have persisted until the present, 9 months 
following the procedure. Objectively the 
increased peripheral temperature and the 
resultant increased desire to move joints 
were the most notable effects. In deformed 
joints of long standing, with or without 
Roentgen ray evidence of fibrous ankylo- 
sis, little to no change was noted in joint 
mobility. Because of pain diminution in 
joints, patients attempted to walk in many 
cases; this might easily be interpreted as 
an actual increase in joint mobility. In 1 
patient with intermittent hydroarthrosis 
■ who was previously unable to get out of 
bed without considerable pain and result- 
ant increase in joint effusion, a diminution 
in joint pain was noted following the 
pumping and he was soon walking about 
with the aid of crutches and later without 
any assistance. His joint effusion de- 
creased with the increase in his joint 
motion; this would tend to support the 
opinion of ISIuller*' tliat intermittent pres- 


sure such as is, caused by the physiological 
function of the joint assists the nutrition 
of the joint structures, particularly the 
joint cartilages. 

In their observations, Gillman and Gill- 
man’ reported the disappearance of sub- 
cutaneous nodules following spinal pump- 
ing and increased benefits following a 
second pumping. In the cases reported 
here, no such results were noted and in 
none of the patients did there occur any 
alteration in pathologically fixed joints or 
greater boosts in peripheral temperatures 
following repeated pumpings. In those 
patients responding to pumping initially, 
the peripheral temperatures never re- 
turned to the previous status. 

Five of the patients pumped developed 
severe headaches following the procedure; 
these persisted from 1 to 8 days and were 
the only ill effects noted. 

The patient with psoriatic arthritis 
demonstrated no alteration in his deform- 
ities and no changes in his skin lesions. 
The patient with Marie-Striimpell arth- 
ritis similarly showed no improvement 
from the procedure. 

About the same time as the above 
patients were being treated with Sper- 
ansky spinal pumping alone and observed 
for results, the use of artificial fever and 
autohemotherapy, in a modification of the 
technique described by Ishmael,*® was 
initiated, and 3 patients with rheumatoid 
arthritis received tliis form of therapy 
alone. Best and Taylor’ have excellently 
discussed the benefits derived from a body 
chill and the subsequent febrile response. 
The center for chills has been well localized 
in the posterior aspect of the hj'pothalamus 
but the effect and reason for a chill have 
never been adequately explained. 

Dubois’ has investigated the 'responses 
of the malarial individual and the normal 
individual to artificially induced chills and 
fevers; he demonstrated rapid elimination 
of extra heat in the normal and slow elim- 
ination in the malarial patient, the infer- 
ence being tliat there apparently is a 
tendency toward retention of heat and 
subsequent prolonged vasodilatation in 
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the diseased individual. It is known that 
individuals repeatedly exposed to fever 
and chills develop a general step-up in 
their body metabolism, a fact attributed 
by some authors to thyroid stimulation. 
Best and Taylor- suggest that the elabora- 
tion of antibodies is facilitated and perhaps 
made possible only by high fevers. Ish- 
maeh“ states that while the effects of 
autohemotherapy are not clearly under- 
stood, one effect is apparent and that is 
desensitization. 

Previous use by these authors of exter- 
nally induced hyperthermia in the treat- 
ment of rheumatoid arthritis had been 
disappointing. Soloman and Steelier,'® and 
Martin'® have reported the therapeutic 
effect to be short-lived and of a palliative 
nature. It was tlierefore speculated that 
chilling might play an important role and 
that this together with the direct action of 
bacterial toxins upon the heat center or 
centers might effect a greater specific re- 
sponse and thus a better therapeutic effect 
for the patient. It was with this back- 
ground that an attempt was made to 
observe the efficacy of combined typhoid 
vaccine-autohemotherapy in the manage- 
ment of rheumatoid arthritis. 

Three patients were subjects to the 
typhoid vaccine and autohemotherapy; 
the results have been presented above. In 
2 of these patients who showed evidence 
of remission of their arthritis, there per- 
sisted complaints which appeared to be 
some of those benefited bj’’ the spinal 
pumping procedure. Therefore, it was 
decided to combine these two approaches 
to treatment and observe the effects. 

Seventeen patients were given the com- 
bined treatment of spinal pumping to- 
gether with ty^ihoid vaccine autohemo- 
tlierapy'. The results have been summar- 
ized previously in this article. During their 
chills the patients complained of rather 
severe pain particularly in their affected 
joints but during their febrile stages they 
experienced a feeling of well-being. Objec- 
tive evidence of joint changes such as 
diminution in periarticular thickening, in- 
crease in joint motion, and, in some 


patients, resorption of fluid in tendon 
sheaths became apparent after 4 or 5 
treatments. In 1 patient who had had a 
spinal pumping and was receiving chrj'so- 
therapy, evidence of joint activity became 
apparent. He had received 500 mg. of 
gold thiosulphate at that time. It was 
decided to repeat, the spinal pumping 
and start the fever regimen. After 3 ses- 
sions of typhoid vaccine-autohemotherapy 
fever, there was no objective evidence of 
residual joint activity; a total of 6 fever 
sessions were given and the patient’s dis- 
ease remained in remission. 

The optimum febrile response desired 
was a temperature ranging from 102 
to 104° and sustained for from 4 to 6 
hours. Fevers of less degree or of shorter 
length appeared to be less effective in the 
patients’ objective and subjective re- 
sponses. In the course of 6 such bouts of 
fever, patients lost an average of 7 to 10 
pounds in weight, but this was usually 
readily' compensated for within 2 weeks 
following cessation of the fever sessions. 

Frequently the fever curve showed 2 
rises, the first attributable to the typhoid 
vaccine and the second, 3 to 4 hours fol- 
lowing the chill, attributable to the absorp- 
tion of the blood. 

In the intervals between fever sessions, 
in order that they might e.xperience as 
much comfort as possible, the patients 
were given nicotinic acid twice daily for 
its peripheral flushing effect. This was 
given twice daily on an empty stomach 
prior to the noon and evening meals in 
sufficient doses to produce subjective per- 
ipheral warmth. Doses of 200 mg. (100 mg. 
in 2 doses at 15 minute intervals) were 
usually adequate to produce the desired 
effect. 

Other IMeasures. No effort has been 
made in this paper to elaborate upon the 
many supportive measures necessary in 
the overall handling of the arthritic. In 
brief, the use of chrysotherapy and prostig- 
mine has been uniformly disappointing. 
The use of various detailed dietary regi- 
mens and e.xtensive bed rest alone have 
been non-productive, and the latter grossly 
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detrimental and responsible for atonicity, 
atrophy, and contracture-deformities in 
muscles. 

The use of physical therapy agents, in- 
cluding early remedial exercises and early 
reambulation training, together with occu- 
pational therapy, are important adjuncts 
to treatment and have been freely used. 
Braces are important for the prevention 
and the correction of deformities. 

In several more debilitated patients the 
use of high protein (200 gm.) diets to- 
gether with frequent supplementary intra- 
venous Amigen and plasma feedings has 
given excellent results. 

Roentgen ray therapy peripherally had 
been of no value in our cases. However, 
in cases of Marie-Striimpell arthritis 
Roentgen ray therapy, using the Freiberg 
technique, had been the most effective 
single agent in treatment. 

More recently glycine orally and nico- 
tinic acid orally have been used as sup- 
portive measures for their peripheral vas- 
cular effects. Conclusions cannot yet be 
drawn as to the relative merits of these 
substances, but the current impression is 
that the former is of little value because 
of the diarrhea and anorexia which fre- 
- quently occur as side effects ; nicotinic acid, 
on the other hand, in flush doses appears 
to be definitely of value in alleviating per- 
ipheral vasomotor symptoms. 

Summary. 1. In 27 cases of chronic 
arthritis, treatment has been directed 
.along a vascular approach to the disease. 
All cases were patients who had been 
' chronically ill for 1 to 22 years and who 
had been unsuccessfully treated with the 
gamut of usual therapeutic measures. 

2. In 1 case of psoriatic arthritis and 1 
case of Marie-Striimpell arthritis, the use 
of Speransky spinal pumping was of no 
effect. 

3. In 9 cases of clear-cut rheumatoid 
arthritis treated with Speransky pumping 


alone there were immediate beneficial 
effects in 7 instances. In 1 case the re- 
sponse was minimal. In the remaining 
case there had been no subjective com- 
plaints of a fibrositic or vasomotor nature . 
and in this patient there were no effects 
noted from pumping alone. 

4. Three rheumatoid arthritis patients 
treated with typhoid vaccine-autohemo- 
therapy alone showed prompt remission of 
their disease, but no alleviation of their 
peripheral fibrositic and vasomotor symp- 
toms. 

5. One patient with Marie-Striimpell 
arthritis was treated with a combination 
of Speransky spinal pumping and typhoid 
vaccine-autohemotherapy with negative 
results. 

6. Four rheumatoid arthritis patients, 
who had initially been treated with Sper- 
ansky pumping alone but whose activity 
continued, were later treated with a com- 
bination of spinal pumping and fever ther- 
apy. Three of these patients promptly 
went into remission while the fourth was 
only slightly benefited. 

7. Two patients with probable rheu- 
matoid arthritis were treated with a com- 
bination of pumping and fever; both im- 
proved markedly, were reambulated and 
discharged in remission. 

8. In the other 10 rheumatoid arthritis 
patients treated with tlie combination of 
pumping and fever, improvement was ob- 
tained. In 2 cases there were subsequent 
acute flareups in other joints; these latter 
cases are still hospitalized. 

9. Of the 14 rheumatoid arthritis pa- 
tients treated with a combination of 
Speransky spinal pumping and typhoid 
vaccine-autohemotherapy only 1 patient 
remained unimproved. 

10. In all cases the major effect from 
use of the Speransky pumping was in 
alleviating peripheral fibrositic and vaso- 
spastic s\nnptoms. 
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Since Stiennan’s classical mouograpli in 
1934,*2 the literature on dissecting aneu- 
rysms has increased progressively. An 
excellent review of recent American writ- 
ings together with a report of 19 cases 
from this hospital was published in 1940 
by Holland and Bayley.” One of these 
cases was previously studied by Schatten- 
berg and Ziskind“ and a thorough discus- 
sion of the pathology is included in their 
paper. More recently Bay- and Reich^’ 
have added an extensive bibliography on 
the subject. Both of these authors direct- 
ed attention to the protean manifestations 
of the disease. We report 10 additional 
cases and present a correlation of clinical 
and pathologic findings, based on the 
material of others as well as our own. 

Definition and Pathology. By defini- 
tion, a dissecting aneurysm is hemorrhage 
vuthin the media of the aorta, vdth or 
without an opening in the intima. It dif- 
fers from a true aneurysm in that there 
is no sac formed by the walls of the vessel 
involved. Most recent authors, in accord 
with the views of Moritz'® on the patho- 
logic changes found in dissecting aneu- 
rysm, describe typical findings of idio- 
pathic cystic 'medial necrosis. This may 
or may not be associated with atheroscler- 
osis or syphilitic aortitis. No definite, 
single ctiologic factor is responsible for 
all cases. A number of degenerative proc- 
esses may involve the aorta or its main 
branches and any one of them may prepare 
the way for a dissecting aneurysm. 


The most common pathologic change in 
the aorta is atherosclerosis. However, 
this has been minimized as a cause of dis- 
secting aneurysm. Atherosclerosis, more 
frequent in the aged, involves chiefly the 
intimal layer of the aorta with lipoid 
deposits, calcification and ulceration. The 
media, which contains the principal sup- 
porting structures of the aortic wall, is not 
often seriously damaged in atherosclerosis. 
This probably accounts for the lack of 
correlation between atherosclerosis and 
dissecting aneurysm. The former, as 
mentioned above, is very common while 
dissecting aneurysm is a relatively rare 
disease. Nevertheless some degree of 
atherosclerosis is present in the majority 
of cases of dissecting aneurysm. Necrosis 
of the media of the aorta is characterized 
by basophilic mucinous substance in the 
media, Mth necrosis and weakening of 
the elastic tissue. This process appears 
to be the basic factor in most cases of 
spontaneous rupture of the media, vdth 
or Mthout an intimal tear. The frequent 
finding of a large dissecting aneurysm 
vnthout intimal rupture may be due to 
injury of the vasa vasorum by this proc- 
ess. The occurrence of necrosis of the 
media with atherosclerosis cannot be 
minimized as a contributing cause of 
medial dissection. 

Sj-philis may attack all layers of the 
aorta, but characteristically produces de- 
struction of the media and elastic tissues. 
Small mononuclear round cell infiltration 
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j of the wall of a saccular aneurysm is con- 
sidered diagnostic of S 3 ^philis. This proc- 
ess may cause medial dissection but as an 
etiologic factor it is unimportant. The 
incidence of syphilis in the cases of dis- 
secting aneurysm in this hospital approx- 
imates the incidence of sj^ihilis in the 
general hospital population.'^ 

Although the recent South American 
literature has proposed that mechanical 
trauma is- an important factor in the path- 
ogenesis of dissecting aneurysm, we have 
found nothing in the English literature 
or in our own experience to support this 
belief. Rheumatic fever, various toxic 
states and congenital vascular defects 
apparently play little, if any, role.® 

The formation of a dissecting aneurj'sm 
usually involes a transverse tear 1 to 
4 cm. in diameter through the aortic 
intimal layer. The blood then dissects 
down the previously weakened medial 
layer for a varpng distance, depending 
on the degree of medial involvement. It 
may rupture into the aorta at another 
point and, with endothelization of the 
channel, ■null produce a double aortic 
lumen. Occasionally there may be slight 
dissection down the media with apparent 
recovery, to be followed later by a second 
severe dissection resulting in death. Death 
may be due to external rupture through 
the adventitia into a bod\" ca%dty or into 
the supporting tissue, or it may be due to 
extension -vvdth obstruction of the arterial 
trunks arising from the aortic tree. This 
obstruction is produced by further exten- 
sion of the aneur^'sm from the media of 
the aortic laj^er dovm the medial layer of 
the branch with occlusion of the lumen by 
internal compression. 

Incidence. As stated above, the inci- 
dence of dissecting aneur^’sm is quite low. 
Glendy ci alJ" list its occurrence as 1 in 
430 autopsies. The incidence in this 
hospital for the past 10 years (604,788 in- 
patient admissions) is 1 in 454 autopsies. 

Clinical Picture. The aorta is the chan- 
nel of blood supply to all systems of the 
body and any disturbance will produce 
patliologic changes. The manifestations 


of obstruction to- the blood supply are 
both protean and dramatic. Several ex- 
cellent articles have recently appeared 
which emphasize the varied symptoma- 
tology resulting from medial dissection of 
the aorta.^-'®''^'^ An increasingly large 
number of these cases are being diagnosed 
antemortem. With the early diagnosis in 
mind, and stimulated by the unusual find- 
ings at autopsy in 5 recent cases in this hos- 
pital, we are presenting 10 new cases. More 
important, we would like to direct atten- 
tion to the close relationship between the 
clinical sjnnptoms and the pathologic 
anatomy in each case. 

A study of the pathologic specimens per- 
mits the diwsion of cases into separate 
anatomic groups. According to the por- 
tion of the aorta involved, we suggest a 
division of cases of dissecting aneurysm 
into 8 groups (Fig. 2). Since the aorta 
is the site of practicallj" all dissecting 
aneur^'sms, it is logical to begin at its 
origin and proceed along its course. 

Group 1. The first vascular sj'stem to 
be involved bj'' dissection of the aorta is 
that of the heart itself. The coronary 
arteries, as they arise from the aortic 
sinuses, are frequently compromised by 
disease of the ascending aorta (Fig. 1, A). 
Medial dissection in this region is usually 
followed by both a proximal and a distal 
extension of the dissection and may result 
in obliteration of the coronary circulation. 
Dissecting aneurysms of the intraperi- 
cardial portion of the aorta have been 
known to produce myocardial infarc- 
tion,®-®® aortic insufficiency,® cor pulmo- 
nale® and cardiac tamponade -noth peri- 
carditis.' Of the 29 cases studied in this 
hospital, including 19 cases of Holland 
and Baylej',” 9 have been complicated^ by 
hemorrhage into the pericardial cavity. 
The clinical criteria are substcrnal pain, 
dyspnea and shock associated with the 
electrocardiographic evidence of m\’ocard- 
ial disease. 

Group 2. Dissection of the thoracic 
aorta distal to the peric.ardial reflection 
may produce symptoms suggestive of car- 
cinoma of the lung, hypostiitic pncumoni.i 
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or massive hemothorax with shock.'® It when there was selective obstruction of 
is interesting to note that when rupture 1 carotid artery. The clinical criteria are 
of a dissecting aneurysm occurs intra- homolateral blindness with contralateral 
pleuraily the hemothorax is almost always flaccid paralj^sis, hemianesthesia and apha- 
confined to the left pleural cavity. The sia. These neurologic manifestations have 
clinical criteria are cough, hemoptysis, not been recognized generally and in fact 
chest pain and clinical or roentgenologic are probably quite rare, since the inferior 
evidence of compression of the lung aspect of the arch is more frequently 
(Fig. 1,^). involved (Fig. I, A). 



Fig. 1. — A, Sketch of a coronal section of the thoracic aorta showing occlusion by a dissecting aneu- 
rysm of (1) coronary artery, (2) bronchial artery, (3) carotid artorj*, (4) subclavian arterj", B, Sketch 
of coronal section of the abdominal aorta showing occlusion of (5) intercostal arteries, (7) renal artery 
and (S) eommon iliac artery. C, Sagittal view of the abdominal aorta showing inedi.al dissection of 
the anterior aortic wall resulting in occlusion of superior mesenteric arterj- (C). 

Group 3. Involvement of the convex Group 4. Obstruction of the subclavian 
surface of the arch of the aorta may cm- artery or arteries by a dissecting aneurysm 
barrass the carotid circulation and pro- may produce symptoms similar to those 
duce a clinical picture resembling cerebro- of peripheral vascular disease. Ischemic 
vascular accident. Weisman and Adam®' necrosis of the upper extremity occurs as 
in an excellent paper described a ncuro- a result of sudden and complete obstruc- 
logic syndrome which occurs in such con- tion of the subclavian artery'-®' (Fig. 1, A). 
ditions. They used the term "carotid These findings thought to be typical of 
hemiplegia” to denote the changes found thromboangiitis obliterans or arterial em- 
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bolisni may result in surgical procedures 
for the relief of acute arterial obstruction “ 
The clinical criteria are sudden pain, cy- 
anosis, loss of heat and flaccid paralysis 
of the arm, associated mth an absence of 
pulsation of the brachial artery. 


horii cells and the gray matter of the cord, 
especially in the thoracic area.*^ Occlusion 
of the ostia of the intercostal arteries in 
the lower thoracic and abdominal aorta 
may produce ischemic necrosis of the spinal 
cord (Fig. 1, B). The clinical picture of 
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Fig. 2. — Schematic drawing demonstrating the 8 anatomic diinsions of the aorta. The main 
arterial trunks arising from the porta are indicated. 


Group 5. The next main arterial sys- 
tem frequently implicated includes the 
intercostal, lumbar and sacral arteries. 
These paired segmental arteries arise from 
the posterior wall of the aorta at each of 
the lower 9 thoracic spaces, at 4 (or 5) 
lumbar interspaces, and several pairs also 
arise from the middle sacral artery. Each 
of these segmental arteries supplies a 
branch which enters the spinal canal via 
the intervertebral foramen and communi- 
cates with the anterior spinal artery. The 
anterior spinal artery furnishes the major 
portion of the blood supply of the anterior 


transverse mj’clitis may result.^' Not all 
dissecting aneurysms produce this neuro- 
logic picture. Several factors determine 
whether the blood supply to the anterior 
spinal artery will be impaired. The inter- 
costal, lumbar and sacral arteries vary as 
to their site of origin from the posterior 
wall of the aorta.^ Dissection of the aorta 
usually occurs on the anterior or ventral 
wall and frequently e.xtcnds in a .spiral 
fa.shion. Weisman noted that most of his 
cases of neurologic complications were in 
elderly intlividuals in whom the circulation 
had already been irnpaircfi iiy atherosdero- 
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sis. The clinical criteria are flaccid paral- 
ysis and diminished sensation distal to 
the obstruction of the intercostal arteries. 

Group 6 . Extraperitoneal rupture or 
dissection into the mesenteric arteries may 
simulate intrinsic disease of the gastro- 
intestinal tract (Fig. 1, C). Symptoms 
suggestive of mesenteric thrombosis, ileus, 
malignancy of the bowel or hernia may 
confuse the examiner and lead to surgical 
intervention. The diagnosis of acute col- 
itis or enteritis may be suggested by the 
sudden onset of dysentery associated with 
cramping abdominal pain. Holland and 
Bayley reported a case of gangrene of the 
entire small intestine resulting from in- 
volvement of the superior mesenteric 
artery by a dissecting aneurysm.^^ The 
clinical criteria are sudden onset of ab- 
dominal pain, hematemesis or melena, 
together with physical or roentgenologic 
evidence of intestinal obstruction. 

Group 7. The renal arteries are fre- 
quently compressed by dissection of the 
abdominal aorta and the resulting infarc- 
tion of the kidney may produce symptoms 
compatible with renal colic® or nephro- 
lithiasis.** The clinical criteria are sudden 
onset of lumbar pain, with or without 
radiation into the groin, associated with 
the laboratory findings of albumin, casts 
and blood in the urine. Medial dissection 
of the lower abdominal aorta usually 
involves several of the large arterial 
trunks and the above criteria may facili- 
tate clinically the exact localization of the 
aneurysm® (Fig. 1,13). 

Group 8. Last, but by no means infre- 
quent, is the involvement of the common 
iliac arteries by extension of an abdominal 
aneurj'sm. Medial dissection frequently 
begins in the arch and extends along the 
entire length of the aorta, terminating 
usually at the first branch of the common 
iliac artery (Fig. 1, B). The resulting 
arterial obstruction may produce ischemic 
necrosis of the extremity. The criteria 
arc sudden pain, cyanosis, loss of heat and 
flaccid paralysis associated with an .absence 
of pulsation of the femoral artery. 


Discussion. An appreciation of the 
basic pathology common to all cases of 
dissecting aneurysm vail improve the 
accuracy of the clinical diagnosis. As 
stated in the premise, we believe that the 
anatomic division of such cases will aid 
the clinician in correlating the sjanp- 
toms with the actual pathologic changes. 
Classically the symptoms of dissecting 
aneurysm consist of sudden, severe, " knife- 
like’^ pain in the substernal area followed 
by extension of the pain posteriorly and 
inferiorly. A considerable number of these 
cases, however, begin with pain below the 
diaphragm associated with symptoms sug- 
gesting primary gastro-intestinal or genito- 
urinary disorders. As a result, disease of 
the abdominal aorta is usually not sus- 
pected. 

We do not Avish to imply that all cases 
of dissecting aneurysm fall into a single 
anatomic group. On the contrary, the 
majority of cases coming to autopsy show 
involvement of several vascular systems. 
The resulting symptoms may be used to 
advantage by the clinician as a guide in 
determining the origin, extension and ter- 
minal complications of dissecting aneu- 
rysms. 

In the past 6 months we have autopsied 
5 cases of dissecting aneurysm. The cor- 
rect diagnosis was made antemortem in 
3 cases, 1 of which was diagnosed at surgi- 
cal explorjition of the abdomen. The re- 
maining 5 cases were taken from the files 
of this hospital. 

Case Report. C.a.se I. A 50 year old 
colored male was admitted with a histor 3 '- 
of sudden, severe, cramping abdominal pain 
of 1 week's duration. The pain extended 
straight back to a point just beneath the 
scapula and around to the right flank. He 
vomited a considerable amount of bitter 
material and felt some relief. Since the 
first attack, he had had several recurrences 
of pain but no further emesis. The patient 
was well developed and' well nourished and 
appeared about the stated age. There was 
a marked arcus senilis and the pupils reacted 
to light and accommodation. Tlie lower 
lids Avere A'er 3 * pale. There wa.s no general 
glandular enlargement but the epitrochlear 
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and inguinal nodes on the right were palp- 
ably enlarged and not tender. The heart 
was enlarged to the left, with the point of 
maximal impulse located in the sixth inter- 
space 11.5 cm. to the left of the midline. 
There was a localized th^st at the apex. 
The rhjdhm was regular and the aortic 
second sound was accentuated. The blood 
pressure was recorded as 230/150. The 
peripheral arteries were sclerotic. The lungs 
were clear to percussion and auscultation. 
In the abdomen, there was a slight promi- 
nence at the level of the umbilicus. Peristal- 
sis was \dsible on the left. The left rectus 
muscle was slightly more resistant than the 
right. Pressure over this area caused severe 
pain. In general the abdomen was flaccid 
and no riscera were palpably enlarged. An 
area of pain was located in the epigastrium 
3 fingerbreadths below the xiphoid process. 

The patient was allowed bathroom priri- 
leges and he remained asjTnptomatic for 
2 daj's except for occasional bouts of nausea. 
He experienced pain in the right shoulder 
for which he was given sedation. An Ewald 
test meal was conducted the 2nd hospital 
da}' and his condition was considered good. 
After returning from the bathroom, he 
suddenly became unconscious and died nith- 
in 10 minutes. 

The clinical diagnoses entertained were 
gall bladder disease, malignanc}' of the 
stomach and tabetic crisis. 

Postmortem examination revealed a massive 
hemothorax on the left with collapse of the 
lung. A dissecting aneur 3 ’sm measuring 
2 cm. in thickness and S cm. in width was 
located on the convex surface of the descend- 
ing aorta. The aneurj'sm had ruptured on 
its convex surface into the left pleural 
carity. On opening this aneurj-sm, it was 
seen to communicate with the aorta through 
a ragged irregular defect 1 cm. in diameter. 
The aortic wall separating the 3ncur3'sm 
from the lumen of the vessel was verj' thin 
and friable. Medial dissection had extended 
down into the abdomen as far as the bifur- 
cation of the aorta and along the right 
common iliac arterj' to its first branch. 
The ancun.'sm did not completely surround 
the aorta but left about one-third of its 
circumference intact alone the posterior 
surface. The intimal lining of the aorta 
in the abdfiminal region presented no gross 
changes. 


Comment. This case represents an in- 
volvement of the blood supply to the 
gastro-intestinal system resulting in ische- 
mic necrosis and is an example of Group 5. 
The rupture into the left pleural cavity 
w’as undoubtedly terminal and accounted 
for the sudden e.xitus. 

Case 2. This 32 j-ear old colored male 
was admitted to the ward in a comatose con- 
dition. The chnical course was progressively 
downhill and he died 7h hours after admis- 
sion. The clinical diagnosis was myocarditis 
and hypostatic pneumom'a. 

Postmortem examination revealed a dis- 
secting aneurysm of the descending portion 
of the thoracic aorta and upper portion of 
the abdominal aorta. There was a rupture 
into the left pleural carity as well as a 
massive hemoperitoneum from rupture into 
the abdominal cavit}'. 

Comment. The rapid course in this case 
suggests sudden massive hemorrhages both 
above and below the diaphragm as the 
cause of death. The sjTnptoms and patho- 
logic findings place this patient in Group 2. 

Case 3. A 48 year old white male was 
admitted with a sudden onset of precordial 
pain and indigestion which the patient 
attributed to eating 03 *Eters and drinking 
whisk}'. Shortl}' after admission his tem- 
perature, pulse and respiration were recorded 
normal. He refused to go to bed and said 
he wanted to go home in the morning. 
The morning after admission while sitting 
up in bed, he had a second attack of pre- 
cordial pain, became unconscious, sweated 
profusely and died 30 minutes later. The 
clinical diagnosis was coronar}’ thrombosis. 

Postmortem examination revealed an enor- 
mous (4000 cc.) blood clot in the left pleural 
cavit}'. In the first portion of the descend- 
ing aorta there was a wide annular dissecting 
aneun'sm whicli communicated irith the 
aorta.* On tracing the extent of the aneury’sm 
down the thoracic aorta, hemorrhage was 
found within the mediastinum and finally a 
rupture into the pleura! .space on the left. 
The aorta showed numerous raised, edema- 
tous, intimal plaques with wrinkling and 
fe.arring throughout its course. Section 
showed a typical luetic process with medial 
degeneration and round cell infiltration about 
the sm.all vessels in the adventitia and media. 
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Comment. Hemorrhage into the medi- 
astinum produced symptoms suggestive of 
cardiac disease but no lesions were de- 
monstrable in the heart itself. The mas- 
sive hemothorax on the left was acute and 
was the immediate cause of death. This 
case falls into Group 2, 

Case 4. A 54 year old white male was 
admitted with a history of dizzy spells for 
2 years. He had had dyspnea on exertion 
for the past 3 weeks. The dyspnea had be- 
come worse but was not associated with 
pain. Shortly after the appearance of the 
dyspnea, edema of the legs and abdominal 
swelling occurred. Edema was progressive 
and the patient had been bedridden for the 
past 2 weeks. Examination on the ward 
revealed a well-developed and well-nourished 
man who was dj'spneic on exertion. There 
was impaired resonance in the right axillary 
region together with a decrease in intensity 
of breath sounds. Moist rdles were heard 
at both bases. The heart was moderate^ 
enlarged to the left with a rate of 98. Fre- 
quent ectopic beats were heard. There was 
a soft systolic murmur at the apex and the 
apical second sound was sharp and snapping. 
The aortic second sound was “bell-like.” 
The blood pressure was 204/154 in both arms. 
The liver was markedly enlarged, extending 
5 cm. below the costal edge. There was dull- 
ness in both flanks and slight bilateral edema 
of the legs. 

The patient was digitalized, placed on a 
low salt diet and instructed to remain in 
bed. He refused to stay in bed but never- 
theless showed some sjnnptomatic improve- 
ment until the 7th hospital da 3 ^ 'i^’hile 
sitting bj'- the bed, he was seized by a severe 
pain in the chest and collapsed across the 
bed. Shock rapidty intervened and in spite 
of nasal oxj’gen, morphine and aminophyllin, 
the patient expired 2 hours after the onset 
of pain. The clinical diagnoses were Iwper- 
tensive cardiovascular disease and cerebro- 
vascular accident. 

Postmortem cxnmfnoffon revealed the peri- 
cardial cawty distended with 300 cc. of 
fresh blood. A hematoma was found at the 
base of the heart, invoh-ing the adventitia 
of the aorta and the pulmonarj- arten*. The 
base of the aorta showed an atheromatous 
ulcer which had penetrated almost to the 
adventitia. There was a large hematoma 
in the right lower quadrant of the abdominal 


cavity. Section through the base of the left 
ventricle showed subepicardial hemorrhage 
and extensive atherosclerosis of the coronarj’’ 
arteries. Section of the aorta just above the 
valves showed necrosis of the media and 
extensive hemorrhage into the adventitia. 

Comment. It is difficult to say how great 
a part the' dissecting aneurysm plaj^ed in 
the early course of this man’s disease. His 
death by cardiac tamponade places this 
case in Group 1. 

Case 5, This 59 year old white male was 
seen in the admitting room and expired 15 
minutes later. He gave a history of sharp 
pain in the lower right quadrant of the 
abdomen and right hip which had appeared 
suddenly 2 hours previously. He had been 
healthy all his life, with no complaints other 
than a chronic inguinal hernia for which he 
wore a truss. The morning of admission, 
the patient suddenly fell to the floor and 
was forced to lie there unable to use his 
right leg because of “numbness.” Pain was 
severe and was eased only by intermittent 
flexion of the hips. The right inguinal 
hernia was easily reduced by the ambulance 
phj'sician and the patient was brought to the 
hospital. His chest was lij’^perresonant to 
percussion but otherwise normal. The heart 
sounds were inaudible but the pulse was not 
rapid. Blood pressure was recorded only 
once as 96/84. A small non-tender mass 
was palpable per rectum just above a slightlj' 
enlarged prostate. A bloodj'- diarrhea ap- 
peared during the examination in the ad- 
mitting room. The patient appeared to be 
in extremis and the examination was cur- 
tailed in order to get the patient to the ward 
as quickl}’- as possible. Death occurred 
15 minutes after admission. The clinical 
' diagnoses were strangulated hernia, multiple 
emboli and acute colitis or enteritis. 

Postmortem examination revealed the peri- 
cardial sac filled vith 250 cc. of fresh blood. 
In the lumen of the small intestine was a 
pale, red, idscid fluid. The mucosa was con- 
gested but no definite bleeding site was 
established. The large bowel contained a 
small amount of similar fluid. No tumor 
mass or ulceration was found. No thrombus 
or other occlusion of the mesenteric vessels 
was demonstrated. The media of the tho- 
racic aorta was completel}’ separated bj’ a 
large blood clot. In the abdominal aorta 
onh* portion.'^ of the wall were separated. 
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The medial dissection extended down to the 
bifurcation of the abdominal aorta. The 
site of rupture into the pericardial cavity 
could not be found. In the intima were 
numerous superficial, j^ellow, atheromatous 
plaques with some ulceration but no definite 
conununication with the media was seen. 
Section of the aorta revealed a. disappear- 
ance of the elastic fibers of the media wuth 
thickening of the subintimal layer. 

Comment. As stated in the discussion 
of Group 6, w'e feel that in spite of the 
negative' findings at autopsy, the rectal 
bleeding of the viscid red fluid found in 
the gastro-intestinal tract were related to 
interference with the mesenteric blood sup- 
ply. Similar cases have been reported.^* 
Likewise the involvement of the pericardial 
camty and the right common iliac artery 
places this unusual case in 3 of the anatom- 
ical groups. Disturbance of blood supply 
was evident in the heart, gastro-intestinal 
tract and in the lower extremity (Groups I, 
6 and 8). 

Case 6. For the previous 3 months this 
67 year old white male had noted pain in 
the chest, cough and frequent hemoptyses. 
Lying on the right side relieved the pain. 
There was marked burning on urination. 
He denied all prewous illnesses except 
“influenza.” Examination on admission re- 
vealed a temperature of 99° F., pulse 100, 
respiration 30_ and blood pressure 134/86. 
The percussion note over the right chest was 
hj'per-resonant. There were exaggerated 
breath sounds over the same area. The 
percussion note over the left base was dull, 
breath sounds were absent and moist rSles 
were heard on auscultation. An erect poste- 
rior-anterior Roentgen ra}^ of the chest re- 
vealed a marked enlargement of the left 
hilar shadow, with opacit}" radiating periph- 
erally. The lower half of the left hemi- 
thorax was opaque. The course in the 
hospital was progressively downhill. The 
patient complained of low back pain for 
which he was given narcotics. A non-pro^ 
ductive cough continued and bronchoscope' 
was scheduled. After several days in the 
hospital, he was given scopolamine, 0.03 mg., 
and sent to the bronchoscopy room. En- 
doscopy was deferred, however, because the 
patient appeared too weak. He returned to 
the ward in poor condition and failed 
rapidly. He died quietly on the 30th hospital 


-day. The clinical diagnosis was broncho- 
genic carcinoma of the left lung. 

Postmortem examination revealed both 
lungs adherent to the parietal pleura. After 
these adhesions were cut, a large fairly firm 
mass was found between the left costoverte- 
bral angle and the left lung. There was no 
direct attachment between the lung and this 
tumor mass, but it was continuous with the 
descending aorta. The upper portion-of the 
pericardial ca^^ty was distorted by the 
presence of a firm round tumor mass measur- 
ing 5 by 6 by 8 cm. It was attached to the 
ascending aorta. Four cm. above the aortic 
ring was an opening in the intima of the 
aorta. The dissecting aneurj'sm formed at 
this point measured 5 by 6 by 8 cm. Its 
wall was 3 mm. in thickness after the well- 
organized blood clot was removed. The 
arch of the aorta contained both atheroma- 
tous and luetic plaques. Three cm. below 
the arch was another opening in the intima 
1 cm. in diameter. From this orifice arose 
a second large dissecting aneui^'sm measur- 
ing 19 by 17 b}' 11 cm. which extended from 
this point down to the diaphragm. Its wall 
was composed of layered blood clots, some 
of which were well organized. The aneurj'sm 
reentered the lumen of the aorta 2 cm. 
above the diaphragm. In the riglit iliac 
arterj' as it crossed the brim of the pelvis, 
was a third small dissecting aneurj'sm 2 cm. 
in diameter. 

Comment. Tliis case adds another mem- 
ber to the long list of diseases which may 
simulate bronchogenic carcinoma. The 
sjTnptoms presented here were undoubted- 
ly due to the “chronic” dissecting aneu- 
rysm of the descending aorta which pro- 
duced disturbance to the pulmonary artery 
on the left. This is an example of Group 2. 

Case 7. Two da 3 's prior to admission 
this 72 year old white male experienced 
sharp pain localized in a left inguinal hernia 
which bad been present for 8 j’cars. At the 
onset of pain, the hernia became for the first 
time irreducible and associated with nausea 
and vomiting. On admission the pulse was 
90 and blood pressure was 114/70. He did 
not appear sovereU' ill at the time. The 
abdomen was distended, pcristalsi.s was in- 
creased and a tinkling sound was heard over 
the entire abdomen. Tenderness and rigid- 
itj' were noted over the lower left quadrant. 

A small mass v/as palpable around the 
internal inguinal ring and the indirect 
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inguinal hernia was not reducible. Rectal 
examination was not contributory. At opera- 
tion soon after admission, a small indirect 
hernia was discovered. The cord structures 
contained large blood clots which had ap- 
parently dissected do\vn from above. The 
hernia was reduced and the abdomen ex- 
plored through a larger incision. A massive 
retroperitoneal hemorrhage was found with 
blood clots extending from the left perirenal 
area to the spermatic cord. No active bleed- 
ing was noted and the peritoneal cavity 
appeared normal. His condition was good 
on closure and the blood pressure was re- 
corded as 104/90. Approximately 6 hours 
after admission, the patient suddenly became 
violently restless, pulled out his suction and 
intravenous tubing, went into deep shock 
and died. The clinical diagnoses were incar- 
cerated left inguinal hernia and retroperito- 
neal hemorrhage, probably dissecting aneu- 
rysm. 

Postmortem examination revealed numer- 
ous, elevated, yellowish plaques throughout 
the intima of the aorta. Many were calcified 
with superimposed ulceration. The latter 
had pale, gray, friable mural thrombi at- 
tached to their surface. Nine cm. above the 
bifurcation of the aorta there was a 2 cm. 
transverse iutimal tear which communicated 
with a large dissecting aneurysm. The 
aneurj-^smal sac had completely encircled the 
aorta and extended from the intimal tear 
distallj’’ to the bifurcation. The aneurysm 
was filled with friable, yellow, atheromatous 
material and clotted blood. The retroperito- 
neal space contained clotted blood which 
extended from the diaphragm above, to the 
sacral region below and laterally to the edge 
of the rectus muscle. 

Comment. As was proved at surgery, 
this is an example of dissecting aneurysm 
producing intestinal ischemia and obstruc- 
tion. TheTetropcritoncal hemorrhage had 
dissected into the narrow inguinal canal 
and had interfered with the circulation to 
the incarcerated bowel. This is an exam- 
ple of Group 6. 

Case S. This 67 year old white male 
entered the hospital for the relief of urinarj' 
difficulties of 10 months duration. He com- 
plained of frequency, dysuria and radiating 
pain from the groin to the penis whenever 
ho urinated. There had been no acute onset 
of s\Tnptoms and he was admitted for elec- 
tive treatment of prostatic calculi and acute 


ej'^stitis. On admission his pulse was 78, 
blood pressure 130/85, and a thorough physi- 
cal examination revealed no other systemic 
disorders. A cystoscopic examination re- 
vealed a bladder tumor which was biopsied 
and the pathologist reported squamous cell 
carcinoma. Chills and fever followed the 
cystoscopic examination and he was not 
considered a good operative risk. Two weeks 
following admission when his condition had 
improved, a suprapubic urethral transplant 
and c 3 'stectomy were attempted under local 
anesthesia. Mter 50 cc. of 2% procaine 
had been injected beneath the rectus fascia, 
the patient suddenty complained of pain in 
the right hip, began to breathe deeplj' and 
expired. The clinical diagnosis was squa- 
mous cell carcinoma of the bladder. 

Postmortem examination revealed general- 
ized raised, yellow, calcified intimal plaques 
throughout the aorta. In the posterior wall 
of the abdominal aorta, 4 cm. below the dia- 
phragm, a 4 cm. transverse intimal tear was 
found. This ragged opening was located at 
the lower edge of a large ulcerated atheroma- 
tous plaque and communicated with a dis- 
secting aneurj’-sm which completely encircled 
the aorta and extended distallj’’ to involve 

5 cm. of both common iliac arteries. The 
aneurysmal ca’vitj’’ contained friable, thick, 
chalky material and clotted blood. The inti- 
mal surface of the aorta overlj’’ing the 
aneurj'smal sac, was covered udth a large 
mural thrombosis. Mural thrombi were also 
found in the iliac arteries, especially the 
right, which was almost completelj' occluded. 

Comment. The sudden pain in the right 
hip was most likely due to the terminal 
and sudden occlusion of the right com- 
mon iliac arterj\ Death was caused bj' 
shock due to massive hemorrhage into the 
aneurj’smal sac surrounding the abdom- 
inal aorta. This is an example of Group S. 

Case 9. "IMnle playing cards, this 58 j’ear 
old white male suddenlj’’ developed pain in 
his throat resembling a mass of food caught 
there. The pain was unbearable at first but 
after he walked a few minutes it became less 
intense and seemed to settle in the mid- 
sternal region. After 2 hours of rest, he 
walked home, took a mild laxative and went 
to bed. The pain persisted for the next 

6 days as a mild ache, aggravated bj* cough. 
On the day of admission, while rising from 
bed, he coughed and immediatelj* experi- 
enced severe pain which seemed to shoot up 



218 


WAItREN, MCQUOWN: DISSECTING ANEURYSMS 


his back from his coccyx and settle in his 
abdomen. The pain was continuous and 
more severe when the patient was in the 
upright position. A cramping sensation 
was noted 6 inches above and below the 
knees. He was admitted 7 days after the 
onset of pain. There was a historj’’ of a 
penile lesion at 21 but he denied treatment 
for lues. He was well developed and weU 
nourished and appeared severely ill. He com- 
plained bitterly of pain in the lumbar area 
which was aggravated bi' change in position. 
The heart was enlarged to percussion; the 
sounds were weak and distant. There was 
a diastolic murmur over the apex, loudest 
in the aortic area and a systolic murmur at 
the base of the heart. The pulse was 64 
and the blood pressure 108/98. All peripheral 
pulses were equal bilate^aIIJ^ The abdomen 
was tender in the umbilical area but no 
masses or distention were noted. There was 
slight edema of- the feet. Superficial and 
deep refle.ves were normal. A spinal tap 
revealed a pressure of 130 mm. of water; 
the fluid was clear and chemical anatysis 
showed protein of 30 mg. per 100 cc., chloride 
of 826 mg., glucose of 59 mg., a positive 
IQine and Kolmer test for s 3 'philis and a 
colloidal gold curve of 0011111100. Urin- 
alj'sis revealed granular and hyaline casts 
with white blood cells in clumps. An electro- 
cardiogram was reported as being within 
normal limits. Twelve days after the onset 
of his pain and on his 5th hospital day, he 
suddenlj' complained of pain in his chest 
and verj^ quickl 3 ' died. The clinical diag- 
nosis was dissecting aneurj’sm of the aorta. 

Postmorlcm examination revealed the peri- 
cardial sac to be greatlj’ distended, blue- 
black in color and filled with 500 cc. of 
clotted blood, man,v of the clots being ante- 
mortem. No tears were noted in site but 
on removing the organs intact, a transverse 
intimal tear 1 cm. in length was found at 
the base of the innominate arten'. TJ)is 
tear was into the medial laj’cr of the aorta 
and the resulting anoun-sm extended proxim- 
all^- into the pericardial sac and distalh' to 
the bifurcation of the abdominal aorta. 
Extension into the pericardial sac was 
through several pin-point openings of the 
adventitia at the base of the aorta. The 
dissection almost encircled the aorta but in 
the abdominal portion was principali.v poste- 
rior and lateral. Complete obstniction of 
the lumen of the thoracic intercost.al arteries 
was found as well as invoh’cment of the 


first 1 cm. of both renal arteries. The renal 
arteries contained no thrombi however, and 
their lumina were not significantly narrowed. 
The intima of the aorta contained a few 
raised yellow plaques and the x'alves had 
. some calcification. The coronar 3 ^ arteries 
were patent throughout. 

Comment This case was diagnosed clin- 
ically bn the basis of a sudden onset of 
severe chest pain followed by extension 
• posteriorlj’- and into the lower spine. The 
negative findings on electrocardiographic 
examination suggest that the hemoperi- 
cardium was a terminal affair and prob- 
ably accounted for the sudden death 
Similarlj', the sudden death prevented the 
diagnosis of transverse myelitis which this 
man w’ould probably have exhibited had he 
lived.. This is an example of Groups 1 and 4. 

Case 10. Wlnle drinking whisky, this 
59 year old colored male developed pain in 
the right chest, inferiorly and posteriorly. 
The pain progressed to the posterior portion 
of the left chest and from there circled on 
either side of his trunk to meet anteriorly. 
Immediately he experienced numbness of the 
lower abdomen and legs. He was admitted 
2 hours later with flaccid paralysis of both 
lower extremities. On admission his pulse 
was 70, blood pressure 100/60 and tempera- 
ture 96.4° F. The patient was obviously 
in shock, being cold, clammy, perspiring and 
complaining of hot flashes. The heart was 
enlarged to percussion and the rhythm was 
regular. There was a loss of sensation below 
the level of the umbilicus. After an initial 
chill, he slept all night and had no further 
complaints until 19 hours after the onset of 
his illness. At this time he sucldenl.v became 
dyspneic, cold and clammi' and his pul.=e 
was rapid and “thrc.'ldy" in clmracfor. The 
blood pressure was not determinable. Treat- 
ment for shock was instituted but ho became 
drowsj- and an obrioiis anemia developed 
due to massive internal hcmorriiago. The 
blood prcs.'urc was recorded terminally ns 
SO/GO but the patient failed rapidly and died 
on the 2nd hospital day. The clinical ding- 
no.sis was di.'secting aneurx-.'^m of the aorta 
with involvement of (he vcrtehral arterj-. 

Postmortm examination revc.aled an aorta 
which showed eridenco of both sj-philis and 
athero=clproris. Tlic ascending portion of the 
arch showed longitudinal wrinkling and an 
occarionni pearh' gra.v, v.-a.v.v pl.-ique, as well 
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as a few yellow raised plaques without ulcera- 
tion. A careful search of the intima revealed 
no tear. However, beginning at the junction 
of the arch and the descending aorta, the 
medial layer was separated by a large friable 
blood clot. This dissecting aneurysm meas- 
ured 5 mm. in thickness and extended down 
to the bifurcation of the aorta and into the 
left common iliac artery for a distance of 
3 cm. The dissection had occurred posterior- 
ly and laterally and at no place encircled the 
aorta. The left renal artery was involved 
by an extension of the medial dissection 
and the lumen was further occluded bj’- an 
antemortem thrombus. The aneurysm had 
ruptured medialty into the mediastinum and 
it contained many large blood clots. A 
small hematoma was noted beneath the peri- 
cardium about the l3ase of the pulmonary 
artery. Both pleural cardties contained 
clotted blood from an extension of the 
mediastinal hemorrhage. Distall}’- the aneu- 
rysm had penetrated the aortic hiatus and a 
large retroperitoneal hemorrhage was present. 

Comment. Clinically this man presented 
the symptoms of transverse myelitis with 
a sensory level at the tenth dorsal segment 
and a flaccid paralysis below this level. 
The pathologic findings were consistent 
with an infarction of the anterior spinal 
artery in the lower thoracic and lumbar 
areas. This was the third case to be diag- 


nosed antemortem and is an example of 
Group 5. 

Summary. 1. Ten cases of dissecting 
aneurysm are presented with a detailed 
study of the clinical and the pathologic 
findings. 

2. A brief review of the pathology is 
included, together with a discussion of 
the relative etiologic importance of (a) 
atherosclerosis, {b) idiopathic c^^stic medial 
necrosis and (c) syphilis. 

3. The incidence of dissecting aneurysms 
in this hospital for the past 10 jmars is 1 
in each 451 autopsies. 

4. The division of all cases of dissecting 
aneurysm into 8 anatomic groups is sug- 
gested and a correlation is made between 
the symptomatology and the pathologic 
findings. We believe this will aid in the 
antemortem diagnosis. 

5. The manifestations of the S anatomi- 
eal groups arise from a disturbance of the 
circulation to (1) the heart, (2) the lungs, 
(3) the brain, (4) the upper extremity, 
(5) the spinal cord, (6) the gastro-intes- 
tinal tract, (7) the genito-urinary tract and 
(8) the lower- extremity. 

6. The schematic drawings are included 
illustrating the 8 anatomic groups. 


Acknowledgments are made to Drs. Roy H. Turner and George E. Burch of the Department of 
Medicine and Dr. Charles E. Dunlap of the Department of Pathology, School of Medicine, Tulane 
Universit 5 ' of Louisiana, and to Dr. Emma S. Moss, of the Department of Pathologj', Charity Hospital 
of Louisiana, Now Orleans, La, 

REFERENCES 


1. Asu, D. IV., and Levine, E. B,: Permanente Foundation Med. Bull., 2, 139, 19M. 

2. Bay, E. B.: Med. Clin. North America, 28, 112, 1944. 

3. Bayeby, R. H., and Monte, L. A.: Am. Heart J., 25, 202, 1943. 

4. Beain, a., 3rd, Glynn, T. P., and Hirateka, T.: J. Urol., 53, 753, 1945. 

5. Boyd, W.: Textbook of Pathologj-, 3rd cd., Philadelphia, Lea & Febiger, pp. 445, 193S. 

0, Cahot: Case No. 22151, New England J. Med., 214, 733, 1930. 

7. Cana VAN, M. M.; .iVm. Heart J., 26, 511, 1943. 

S. Carlson, H. E.: South. Med. J., 38, 007, 1945. 

9. Durham, J. R.'. Delaware State Med. J., 18, 60, 1946. 

10. Glendv, R. E., Gastleman, B., and White, P. D.; Am. Heart J., 13, 129, 1937. 

11. Gray's Anatomj', 3rd ed., Philadelphia, Lea & Febiger, pp. 597, 1930. 

12. Gurin. D., Bolmer, J. M., and Derby. J.: New York State J. Med., 35, 1200, 1935. 

13. Holland, L. F., and Bayley, R. H.; Am. Heart J., 20, 223, 1940. 

14. IC^mp.meier, R. H.: Am. J. Med. Sci., 192, 97. 1930. 

15. Massachusetts General Hospital Case Report No. 31391, Now England J. Med., 233, 3S6. 1945. 
10. Moritz, A. R.: /\m. J. Path., 8, 717, 1932. 

17. Reich, N. E.: Clinics, 3, 340, 1944. 

13. RirsTEiN, R. B.: McGill Mod. J., 14, SI. 1945. 

19. Rm-o. M„ and Votta, P. J.; .-Im. J. Roentgenol., 52, 5S3, 1944. 

20. SenATTENBERG, H. J., and Ziski.nd, J.: J. Lab. and Clin. Med., 24, 204, 193S. 

21. ScHiTKER, M. A., and Bayer, C. A.: Ann. Int. Med., 20, 4SC, 1944. 

Dissecting Ancurj-sms, Special Report Series No. 193, Mod. Research Council, 
His Majesty s Stationery Ofuce, London. 1933. 

23. Wainwright, G. W.: Bull. Johns Hopkins Hosp., 76, 81.- 1944. 

24. Wr.isMAN. D.. and Adam, R. D.; Brain, 67. f>9, 1944. 



PROGRESS 

OP 

MEDICAL SCIENCE 

SURGERY 


TJrfDEB THE CHARGE OP 

I. S. RAVDIN, B.S., M.D. 

JOHN RHEA BARTON PROFESSOR OP SURGERY AND DIRECTOR OF THE HARRISON DEPARTMENT OF SURGICAL 

RESEARCH, UNIVERSITY OF PENNSYLVANIA 
PHILADELPHIA, PENNSYLVANIA 
AND 

C. G. JOHNSTON, M.S., M.D. 

PROFESSOR OF SURGERY, WAYNE UNU'ERSITY 
' DETROIT, MICHIGAN 


THE THROMBO-EMBOUSM PROBLEM 
By Charles K. Kirby, M.D. 

INSTRUCTOR IN SURGERY AND ASSISTANT SURGEON, HOSPITAL OF THE UNIVERSITY OF PENN8YLVANU 

PHILADELPHIA, PENNSYLVANIA ' 

(From the Harrison Department of Surgical Research, Schools of Medicine, University of Pennsylvania, 
and the Surgical Clinics of the Hospital of the University of Pennsylvania) 


• Although much has been learned dur- 
ing recent years about intravenous clotting 

and pulmonary embolism, the fundamental 
mechanisms involved and the pathologic 
physiology are not as yet well understood. 
A large part of our present knowledge has 
resulted from careful postmortem exami- 
nations and statistical studies of patients 
with thrombo-embolic disease. Since the 
work of R6ssle,“ Neumann^® and Fryk- 
holm^ it has become widely recognized 
that the majority of venous thrombi orig- 
inate in the lower extremities, particularlj'- 
in the deep veins of the cah^es and feet. 
Ninety-five per cent of the thrombi which 
lead to fatal pulmonary embolism arc 
believed to occur in the veins of the legs.* 
The importance of regarding phlcbo- 
throinhosis and thrornbophlcbitis as funda- 
mentally different processes, as cmplui- 
sized by Ochsner and Dc Bakey,^* has been 
widely accepted. In 209 autopsies in 
wliich there was thrombosis of the leg 
veins. Hunter and his associates^ found 
no eWdence of phlebitis in 02%. Others 


believe, however, that phlebothrombosis be- 
comes thrombophlebitis in the later stages 
and that in many patients there are char- 
acteristic features of both processes.*’"’’* 
Ochsner** has repeatedly emphasized that 
in thrombophlebitis, in which there is firm 
attachment of the clot to the vein wall, 
there is little danger of embolism, while 
phlebothrombosis is the common precursor - 
of pulmonary embolism. 

The incidence of recognizable thrombo- 
phlebitis in postoperative surgical patients 
is between I and 2 %.’* The incidence of 
phlebothrombosis is not known because of 
the frequent absence of signs and symp- 
toms. The finding of thrombosis of the 
lower extremities in more than .50% of 
persons dj’i'ng of any cause in the latter 
half of life” suggests that phlebothrombo- 
sis may occur more commonly than hith- 
erto suspected. Fatal pulmonary embolism 
occurs about once in everj- thousand opera- 
tions’* and is the cause of about 5% of 
postoperative deaths.*' 

Mthough the basic abnormalities which 
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precipitate intravascular clotting are not 
known, a number of predisposing factors 
have been discovered. These have been 
reviewed by us in a recent report.^® In- 
travenous clotting is thought to be pre- 
cipitated by sloAving of the circulation, 
increased coagulability of the blood and 
injury to veins or perivenous tissues. In 
most patients with thrombo-embolic dis- 
ease one or more of these factors may be 
shown or presumed to be present. Ochs- 
ner^® believes that the fundamental abnor- 
mality is an increased coagulability of the 
blood, with circulatory stasis the precipi- 
tating factor. It appears likely that the 
observations of Knisely and his associates®’ 
on sludging of the blood may be helpful in 
clarifying the etiology of thrombosis. Re- 
cently two ingenious tests have been 
devised to demonstrate increased coagula- 
bility of the blood. These are the heparin 
tolerance test of De Takats®° and the 
modified prothrombin test of Brambel.” 
Both have shovm an increased tendency of 
the blood to clot in patients with pre\dous 
or active thrombo-embolic disease, follow- 
ing serious injuries, major operations, and 
in Buerger’s disease. Unfortunately neither 
test is sufficiently sensitive to detect sub- 
clinical thrombosis or to predict the occur- 
rence of thrombosis. 

A number of clinical factors have been 
shown to increase the incidence of throm- 
bosis and embolism, the most important 
being heart disease, major operations, 
severe injuries, obesity, cold weather and 
other vasospastic influences and debility. 
Fatal pulmonary embolism occurs more 
commonly in males than in females, the 
ratio being about 3 to 2. Fatal pulmonary 
embolism is predominantly a disease of the 
latter half of life. At the Hospital of the 
University of Pennsylvania 92% of all 
fatal embolisms occurred in patients above 
the age of lO.®® In some instances fatal 
embolism may occur in young individuals 
in apparent good health.*® 

ProphyluVXIS. a prophylactic approach 
to the problem of thromboTcmbolism is 
desirable for two reasons.®® First, throm- 
bosis frequently causes permanent damage 


to the femoral veins and their valves and 
is followed by the sjmdrome of clironic 
venous insufficiency, with edema, fibrosis 
and ulceration. This condition causes 
much suffering and disability, and treat- 
ment is often disappointing. Second, fatal 
pulmonary embolism often occurs without 
warning signs or symptoms that thrombo- 
sis has occurred. Death in such instances 
can be prevented only by the prevention 
of thrombosis or by the use of measures 
designed to prevent embolism if throm- 
bosis occurs. 

Ochsner®® believes “that most, if not all, 
cases of intravenous clotting can be pre- 
vented by the institution of prophylactic 
measures.” Many general prophylactic 
measures have been proposed, and a num- 
ber are in current use. The purpose of 
most of them is to prevent circulatory 
stasis. In most surgical clinics there is 
emphasis on deep breathing and leg exer- 
cises, prompt correction of anemia and 
electrolyte imbalance, frequent change of 
position in bed and prevention of hypo- 
tension and abdominal distention. Ravdin 
stresses avoidance of heavy sedation. 
Prophylactic measures which deserve spe- 
cial comment are early ambulation, anti- 
coagulants and femoral vein ligation. 

Early Ambulation. Since thrombosis 
and embolism follow confinement to bed 
in most instances, an approach toward 
normal, ambulatory acti\’ity during illness 
or following operation would appear to be 
a logical prophylactic measure. This was 
first attempted in 1899,“ but was not 
practiced extensively by surgeons in this 
country before 1940, chiefly because of the 
fear of wound disruption. The evidence 
regarding the effectiveness of early ambu- 
lation in preventing thrombosis and em- 
bolism is conflicting. Zava®® in more than 
6000 patients had not a single embolism. 
I.eithauser,'*® whose recent book revievrs 
the literature on this subject, noted only 2 
instances of thrombosis and no embolism 
in more than 2000 patients who were 
ambulatory on the day of operation or the 
first postoperative day. Jorpes,®® on the 
other hand, presents evidence that “medi- 
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cal gjTnnastics and earlj'^ ambulation” vnii 
reduce the incidence of thrombosis only to 
0.61% in surgical patients and that the 
mortality in these patients is 20%. Pow- 
ers/® in a careful analysis of 1519 patients 
following major operations, concluded that 
early ambulation and active exercises in- 
creased the 'incidence of thrombo-embolic 
complications slightly but reduced the in- 
cidence of fatal embolism by about 50%. 
This has also been the experience of 
others.^® It has been repeatedly stressed 
that early ambulation means actually 
walking, rather than sitting in a chair, 
which may diminish venous return. Leit- 
hauser^* believes that walking on the daj' 
of operation may be an important factor 
in his success with this method. 

PBOPHTL-iCTic Aa'ticoagtjiants. Hep- 
arin was first used prophylactically by 
•Crafoord^^ as early as 1935, and in 1941 
he‘® reported the results in 325 patients, 
in whom thrombo-embolic complications 
were wtually eliminated. The experience 
of MuiTa5^® in postoperative patients and 
Leissneri® in postpartum patients was sim- 
ilar. Jorpes®* believes that because of the 
risk of hemorrhage and the expense it is 
not possible to give heparin prophylacti- 
cally to all or the majority of postoperative 
patients but that it should be used prophy- 
lactically in patients in whom there is an 
unusual risk of a thrombo-embolic com- 
plication. 

Dicumarol has also been used prophy- 
lactically, relatively large series being re- 
ported b\' Bruzelius,'® Allen® and Barker 
and his associates.® All have noted 
an apparently significant reduction of 
thrombo-embolic complications. In the 
most recent re\ncw of the use of dicumarol 
at the Mayo Clinic,® minor hemorrhage 
(epistaxis, hematuria and locali^d ecchy- 
mosis) was noted in 3.4% of 19S3 post- 
operative patients and serious bleeding 
(from operative wounds or from the gastro- 
intestinal tract) in I.S%. Two patients 
die<l from hemorrhage although the 
utithors are not certain that the fatal 
hemorrhage could be definitely attributed 
to the effect of dicumarol. 


In comparison with dicumarol the ad- 
vantages of heparin are its prompt effect 
on the coagulability of the blood and the 
prompt neutralization of its effect by pro- 
tamine, while disad^'antages are its high 
cost and the necessity' for frequent or con- 
tinuous parenteral administration. \Yalker 
and Rhoads®' have shorni that heparin and 
dicumarol have a complementary effect 
and that this may be used to advantage by 
gixnng them simultaneously. In dicumar- 
inized patients with a prothrombin time of 
20 to 30 % of normal, intramuscular injec- 
tions of heparin at intervals of 6 to 12 
hours result in a prolonged and more 
evenly maintained elevation of the coagu- 
lation time. Loewe and his associates*® 
have advocated the subcutaneous admin- 
istration of heparin in Pitkin's menstruum, 
which delays absorption and reduces the 
amount of heparin required. 

Dicumarol is inexpensive and may he 
given by mouth. Disadvantages of dicu- 
marol are the unpredictable response in 
many indi^dduals, the lack of a reliable 
method of restoring the prothrombin to 
normal promptly if hemorrhage occurs, 
the exacting laboratory procedure required 
for control, the delay in reduction of the 
prothrombin to effecti'i'e levels for 48 to 72 
hours, and the contraindications to the use 
of this drug in many of the patients most 
in need of protection. 

Anticoagulants should not be used un- 
less adequate personnel and equipment are 
available for careful laboratory control. 

Prophylactic Veix LiG.\nox. Recog- 
nizing that the above prophylactic meth- 
ods are not always applicable or effective 
in preventinp thrombosis and embolism, 
prophylactic femoral vein ligation has been 
proposed as a moans of preventing fatal 
embolism in patients in whom the mortal- 
ity from this cause is comparatively high. 
In elderly patients with hip fractures, for 
example, pulmonary embolism has been 
found to be a common cause of death." 
Alien® found that in 110 consecutive 
patients with hip fractures death from 
massive embolism occurred in 11 (10%). 

In another consecutive series of 110 
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patients in whom bilateral femoral vein 
ligation was done prophylactically, there 
were no deaths from embolism. The 
largest series of prophylactic femoral liga- 
tions reported has been done by Allen.* 
In 458 patients with prophylactic ligation 
death from embolism occurred in only one, 
in whom a thrombus was found in the 
proximal segment of the superficial femoral 
vein ligated 3 cm. distal to the profunda 
femoris. In a comparable control series of 
458 patients without prophylactic ligation, 
death from embolism occurred in 26. 
These figures suggest that 458 prophylactic 
ligations saved the lives of 25 patients. In 
the 458 patients with prophjdactic ligation 
“phlebitis” occurred in only 5 while in the 
control series it occurred in 55. Allen 
states that “it comes as an added dividend 
that thrombophlebitis is likewise pre- 
vented.” 

In 2 recent elderly patients wdth hip 
fractures at the Hospital of the University 
of Pennsylvania, death from massive em- 
bolism occurred follovdng prophylactic 
superficial femoral ligation. In both the 
ligature had been placed about 5 cm. distal 
to the common femoral vein, and there was 
evidence at autopsy that a thrombus had 
formed in the isolated pro.ximal segment of 
the superficial femoral vein. It thus 
appears evident that maximal protection 
is afforded only if the superficial femoral is 
ligated at its junction with the profunda 
femoris. Recent anatomic studies dem- 
onstrate that identification of the junction 
of the superficial and deep femoral veins, 
may necessitate considerable dissection.** 

Recent experiences of Erb and Schu- 
mann*^ with prophylactic ligations in 
elderly patients have not been favorable. 
In a series of 100 consecutive patients with 
hip fractures at the Philadelphia General 
Hospital, bilateral superficial femoral liga- 
tion (at the junction with the profunda) 
was done in alternate patients. Death 
from massive pulmonary embolism oc- 
curred in 2 of tlie 50 ligated patients and 
in 2 of the 50 not ligated. In addition, 
non-fatal pulmonary infarction occurred in 


7 patients follovdng ligation and in 4 -svho 
were not ligated. 

The Teeatjsient of Phlebothrombo- 
sis; Anticoagulants Versus Femoral 
Vein Ligation. Despite the encouraging 
results of the prophylactic measures cited 
above, protection is not afforded in all 
instances. In addition, the most effective 
prophylactic measures, anticoagulants and 
femoral vein ligation, cannot be applied in 
all postoperative patients. The problem of 
phlebothrombosis and resultant pulmonary 
embolism has not, therefore, been elimi- 
nated by prophylaxis. 

The diagnosis of phlebothrombosis re- 
mains a major problem, principally be- 
cause many fatal embolisms occur vdthout 
warning signs or s5'mptoms.**'*® As men- 
tioned above, two tests^^'*° designed to 
show increased coagulability of the blood 
have been recently described, but neither 
was sensitive enough to detect or predict 
the occurrence of thrombosis. At present a 
positive Homans sign or even slight calf 
tenderness is regarded as e%ndence of 
phlebothrombosis requiring active treat- 
ment unless another cause can be clearly 
shown. 

Both anticoagulants and femoral vein 
ligation have been effective in the treat- 
ment of phlebotlirombosis. It is the 
opinion of the author that neither has been 
shown to be superior to the other on the 
basis of present data. Advantages of anti- 
coagulants are that an additional operative 
procedure is not required, the likelihood of 
venous obstruction in the legs is not in- 
creased, and protection is afforded'not only 
in the legs, but throughout the body. In 
favor of superficial femoral vein ligation 
is the fact that prompt protection is 
afforded by a simple, relatively innocuous 
operative procedure without disturbing so 
xntal a function as the coagulability of the 
blood. 

Recent statements of those with a strong 
preference for anticoagulants or femoral 
vein ligation are representative of current 
differences of opinion, E. V. Allen, Hines, 
Ivvale, and Barker,* leading exponents of 
anticoagulants, state that they “do not 
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know of any results from ligation of veins 
which approach in excellence those derived 
from our experience with anticoagulants” 
and that their opinion, “after weighing 
available evidence, is that the use of anti- 
coagulants is, in general, a much better 
method of treatment than ligations of 
veins.” Ochsner,^® on the other hand, 
states “that immediate surgical interven- 
tion should be undertaken as soon as the 
diagnosis of phlebothrombosis is made,” 
and “this condition takes precedence, as far 
as urgency is concerned, over any other 
case on the serwce except that of massive 
hemorrhage.” He believes that “although 
the administration of anticoagulants will 
prevent the formation of new thrombi it 
vdll in no way prevent the detachment of 
those tlu-ombi wliich are already in exist- 
ence” and that “to deny a patient vuth 
phlebotlwombosis the advantage of the 
thrombectomy or ligation is hazardous 
because of the likelihood that detachment 
of the thrombus vill produce non-fatal 
infarction or fatal embolism.” Homans,®^ 
who introduced femoral ligation in this 
country, states that it is his “impression, 
at the moment, that today’s tendency is 
toward increased use of the anticoagulant 
drugs.” 

An accurate appraisal of the value and 
appropriate use of anticoagulants and 
femoral ligation is not possible at present. 
Since death from pulmonary embolism 
occurs only once following every 1000 
operations, the accumulation of significant 
statistical data concerning any method of 
prophylaxis or treatment will require, many 
more years of careful study. 

Ligation at Various Levels. From 
his extensive experience Allen- lias con- 
cluded that bilateral ligation of the super- 
ficial femoral vein is to be preferred for 
prophylaxis and treatment, and this level 
has been generally adopted. Recent ana- 
tomic studies show that complete protec- 
tion may not be afforded at this level,^ 
and there arc some wlio now advocate 
common femoral ligation” although .such 
ligations have been followed by serious 


venous insufficiency in some instances.^®--® 
When the thrombotic process has extended 
proximal to the femoral veins, ligation of 
the iliac veins and vena cava has been 
performed in relatively large series.-® 
Iliac and caval ligations are major opera- 
tive procedures, requiring spinal or general 
anesthesia. Allen® and Homans®^ believe 
these operations have been overdone. 

Thrombophlebitis. Paravertebral pro- 
caine block of the lumbar sympathetic 
ganglia for full-bloum acute thrombophleb- 
itis, as suggested by Leriche and Jung^® 
and Ochsner and De Bakey,®® has become 
an established and widely practiced pro- 
cedure. Some question whether it is more 
effective in most instances than other, 
simpler measures which produce vasodila- 
tation and they make the point that it 
does not prevent pulmonary embolism.'*'®^ 
Jorpes®® has reviewed the large amount of 
evidence that heparin is effective in reliev- 
ing the signs and symptoms of acute 
thrombophlebitis and in shortening the 
course of the disease. There is recent 
eHdence that ligation of the femoral and 
saphenous veins may be helpful in chronic 
thrombophlebitis (chronic venous insuffi- 
ciencj') by eliminating the stagnant col- 
umn of blood in the valveless, incompetent 
veins.”’”’®® 

Pulmonary Embolisji. De Takats and 
Fowler®® believe the mortality of pulmo- 
nary embolism may be reduced by the 
prompt use of atropine and papaverine to 
reduce vasospasm and bronchospasra. The 
effectiveness of heparin given intraven- 
ously immediately after pulmonary embol- 
ism has been well shown by IMurray.'*^ In 
149 heparinized patients, many of whom 
appeared to be in extremis, there were no 
deaths, whereas in a control scries death 
occurred in 20%. 

Summary. The thrombo-embolism proli- 
1cm as it c.xists today has been pre- 
sented. Current trends in prophylaxis and 
treatment have been reriewed. It is evi- 
dent that progress has been and is being 
made in lowering the morbidity and mor- 
tality of this disease. 
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As presented in the usual textbook on 
organic neurology or neuro-ophthalmol- 
ogy, the subject of visual hallucinations 
seems relatively simple. Thus, Rea“ 
states that visual hallucinations may oc- 
cur in the blind field in cases of hemianop- 
sia which must not be mistaken for the 
Ausual hallucinations of insanitj' and which 
are due probably to irritation of the visual 
memory center. He states further that 
the hallucinations due to tumor of the 
temporal lobe consist of definite images 
of people, animals or scenes, while those 
due to lesions in the occipital lobe consist 
of flashes of light, sparks and the like. 
According to Weinberger and Grant,’® 
similar statements are made by Jelliffe 
and Yliite, Brain, Brain and Strauss, 
Wechsler, Grinker, and Purves-Stewart. 

However, if one reads further into orig- 
inal articles and indi%’idual case reports, 
the subject becomes much more complex 
and extremely confusing. Thus, in dis- 
cussing a single tj^pe of hallucination, the 
lilHputian, SaWtsky and Tarachow'® state 
tliat the occurrence has been reported in 
measles, erysijielas, typlioid fev'er; during 
the convalescent stage of cholera, chorea 
and sepsis; in acute and chronic alcohol- 
ism; in intoxications with cocaine, hash- 
ish, hyoscin, caffeine, atropine, chloral and 
ether; in general paresis; during the oculo- 
gjTic crises of chronic encephalitis; in asso- 
ciation with tumors of the parietotemporal 
and icmjx>rosplicnoidal lobes; in as.socia- 
tion with hctnianopic field defects due to 


Avascular lesions in the occipital lobe; in 
the very aged; in cerebral arteriosclerosis; 
in hypnagogic states; in association with 
blindness secondary to cataract, exudative 
choroiditis, optic atrophy from acetylar- 
san, tobacco-alcohol amblyopia, chorio- 
retinitis; in schizophrenia; in epileptic 
aurae; in hysteria; and following spinal 
anesthesia. 

It seems obvious, therefore, that the 
mere occurrence of Aosual hallucinations 
of any given type does not furnish any 
clue to the nature of the process giving 
rise to the hallucinations. It is true that 
estimation of the significance of any given 
hallucination will depend somewhat at 
least on the individual interpretation of 
the nature and origin of hallucinations in 
general. However, Nielsen’s’® statement 
on the diagnostic value of hallucinations 
seems to be logical. He says: “Inasmuch 
as hallucinations, are merely activity in 
the cerebral cortical areas of recall their 
occurrence in a given case must be ana- 
lyzed as to ph^’sical, chemical, toxic, I’oli- 
tional or subconsciously motivated origin 
or purpose. Tliey do not of necessity have 
any psychotic significance even when ac- 
companied by delusions of their reality.’’ 
The assumption that, in organic disease of 
the brain, direct involvement of a particu- 
lar segment of the cortc.x is necessary to 
invoke a particular type of lialliicination 
would seem to be ratJicr an oversimplifi- 
cation. 

Some of the confusion regarding visual 
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hallucinations may arise from the varying 
types of spontaneous casual phenomena 
which may at times be considered as hal- 
lucinations. Weinberger and Grant^® think 
that the most acceptable definition of an 
hallucination is that given by Borland, 
“ the perception of an object or phenome- 
non which has no external existence.” 
-Allen- states that an image which is at 
the same time automatic and exteriorized 
is a sensory hallucination, while an image 
that is only automatic is a psychic 
hallucination. Nielsen^® calls an erroneous 
interpretation of an actual sensation an 
illusion. Grant® thinks tliat in visual illu- 
sion the visual system supplies false infor- 
mation about an object to consciousness. 
■He includes in the “visual system” the 
retina and its cortical projections and also 
“the cerebral organizations whose func- 
tion is to give immediate meaning to 
things seen.” Grant® differentiates further 
sensory illusions, which arise from “the 
activities of the retina and its cortical pro- 
jection,” and perceptual illusions in which 
“while the sensory data are valid, the 
aroused memory associates err by falsely 
interpreting the stimulation.” Some so- 
called “hallucinations” are doubtless “il- 
lusions.” Included also in the general con- 
ception of hallucinations are visual phe- 
nomena such as the scintillating scotoma of 
migraine, the aura of epilepsy, prolonged 
or vivid after-images, and entoptic phe- 
nomena. Thus Maclay and Guttmann® 
think that the hallucinations induced by 
mescaline intoxication have an initial phys- 
iologic origin in an entoptic phenomenon, 
visibility of the capillaries of the choroid. 
In their opinion, the fact of hallucinating 
and some formal characters of hallucina- 
tions are so similar to physiologic and 
pathologic phenomena that they can be 
assumed to be physiologic in origin, but 
the content of the hallucination is deter- 
mined by psychologic experiences. 

In discussing the mode of origin of \isua! 
hallucinations, Johnson' mentions the 
ideas or theories of 4 axithors. Hughlings 
Jackson liypothcsized a \dsual ideation 
center from which the sensory discharges 


might occur similar to the motor discharges 
of epilepsy. Jackson thought that stimuli 
for the discharge of these visual hallucina- 
tions might come not only from involve- 
ment of the cortical center itself but 
through the association tracts from a re- 
mote lesion. Henschen thought that all 
visual hallucinations originated in the oc- 
cipital cortex. Jolly and Pick thought 
that ^^sual hallucinations had their origin 
in the optic tracts and Pick added in the 
geniculate bodies and optic thalamus. It is 
of interest in this connection that Cutting^ 
believes that the underljdng mechanism of 
dreams and hallucinations is similar and 
involves a return to a primitive “thala- 
mic” way of thinking. According to 
Johnson,^ Foster Kennedy believes that 
irritation of the occipital lobe produces 
simple or crude hallucinations and that 
irritation of the temporal lobe causes com- 
plex hallucinations. Kennedy vTites: 
“Every individual, in his ascent from em- 
bryonic to adult life, passes through the 
stages through whicli the race has passed. 
The lower animals make their chief intel- 
lectual contact vdth their environment by 
means of the hippocampal lobes, which in 
man are relatively small and unimportant. 
It may well be that these areas subserve 
in man early intellectual functions which 
in later life are carried on by some higher 
mechanism. If this theory is true, then 
one may regard these apparitions as in- 
voIuntar\’’ resuscitations of early, perliaps 
infantile, memory patterns.” 

The concept of \'isual hallucinations as 
revisualizations is supported by Nielsen*® 
and by Allen.® According to Nielsen,*® 
hlcDougall classifies hallucinations as 
representative, constructive and creative. 
Representative hallucinations are vind re- 
\dsualizations or exceedingly clear recall, 
whether voluntarily or involuntarily pro- 
duced. Constructive hallucinations con- 
sist of aggregates or conglomerations of 
elements formerly seen. Nielsen*® does 
not agree that there can be creative hallu- 
cinations, new concepts made out of 
nothing. He states: “Hallucinations are 
the result of A-oIuntary or involuntary 
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activity in the neuronal cerebral cortical 
^ system of recall. One experiences in hallu- 
cinations only what has been previously 
perceived through the senses. All hallu- 
cinations belong in the categorj’- of McDou- 
gall’s representative or constructiv^e hallu- 
cinations; creative hallucinations do not 
occur.” Allen- speaks of the so-called 
' “visuals” who are able to visualize scenes 
and memory patterns. He mentions, pos- 
sibly as a transition -to visual hallucina- 
tions, eidetic images which are neither 
after-images nor ordinary visual images 
but a special kind of visual memories which 
are projected into space as positiv^e images 
with the original details and colors. 

- Weinberger and Granri® state: “Visual 
memory and previous visual experience 
are the sine qua non of any visual hallucina- 
tion. It is well knowm that congenitally 
blind children do not have visual halluci- 
nations, even in delirium, although they 
have auditory and kinesthetic hallucina- 
tions.” They think that the opticovisual 
pathways function along the same lines as 
the general sensory systems and that e.x- 
citations arising at any point from the 
retina to the brain give rise to a visual 
perception through fusion in the brain of 
purely sensory presentations with psychic 
factors. They explain the occurrence of 
simple and complex hallucinations in dif- 
ferent individuals under like circumstances 
by the variability of the image-making 
function of the mind. “For persons hav- 
ing a high degree of visual imagery, the 
sensory presentations produced by the ab- 
normal stimulation of the neuro-optic ap- 
paratus, such as occurs in association with 
irritations of the optic nerves, are pro- 
jected as rich and elaborate images. For 
those with a poor degree of visual imagerv' 
or absence of it, the visual images are 
simple and relatively ‘crude.’” As a re- 
sult of experience, visual perceptions arc 
projected as if they came from the outside 
world so that even the blind “see” the 
hallucinations. Weinberger and Grant 
conclude, “Tlic principles of cerebral local- 
ization cannot be applied to explain highly 
comfilcx intcllcctunl sv-nthescs, which re- 


quire on the face of it the integration of 
the entire brain.” 

On the basis of electrical stimulation 
experiments, it would appear that the 
source of all visual hallucinations should 
be in the occipital lobe or at most in the 
occipital and parietal lobes. According to 
Lyle,® stimulation of the striate area 
(Brodman’s area 17) produces flashes of 
light. “When the occipital pole is stimu- 
lated, the light is projected before the 
patient. If the upper or lower calcarine 
lips are stimulated, the flashes are in the 
lower or upper fields respectively, corre- 
sponding with the fiber projections. Hal- 
lucinations, especially of light and color or 
simple and stationary objects, may be in- 
duced by irritation of area IS. More com- 
plex hallucinations are found with involve- 
ment of area 19.” Lyle® states further 
that the chief function of area 19 is that 
of revdsualization and that the faculties of 
recogm'tion and revdsualization which arc 
separated in areas 18 and 19 are combined 
in area 39 (the angular gvTus). According 
to Johnson,^ Ferrier believed that the cor- 
tex of the angular gyrus is the dominant 
area of the higher visual center. Brod- 
man’s areas 17 and IS would seem to lie 
entirely within the occipital lobe, area 19 
partially in the occipital and partially in 
the parietal lobe, and area 39 in the 
parietal lobe. In agreement witli these 
ideas, Lyle® tends to think that the visual 
hallucinations associated with tumors of 
the temporal lobe are caused by secondary 
involvement of the visuopsychic areas (39 
and 19). Lyle® brings up the question of 
the part played by cerebml dominance in 
the origin or occurrence of visual hallucina- 
tions wlien he says in reference to injuries 
of the occipital lobe, “On the major side, 
which is usually the left, irritation may 
result in visual hallucinations” and, in 
reference to tumors of the lower part of 
the parietal lobe, “If the lesion is on the 
left side, visual, and, by extension, audi- 
tory hallucinations may be pre.sent.” In 
this connection, it is of interest that 
Akelaitis’ studied tlv: visual functions in 
6 epileptics following co.mplete ffciion of 
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the corpus callosum -and concluded that 
there was no dominance in either cerebral 
hemisphere for the' functions of absolute 
or relative visual orientation, for absolute, 
or relative discrimination of size, or for 
recognition of colors, objects or letters. 
Lyle expresses the opinion that the major- 
ity of visual hallucinations, aside from 
flashes of light, arise from involvements of 
Brodman’s areas 18, 19 and 39. He says, 
“ Visual hallucinations are occasionally de- 
scribed in lesions elsewhere, especially at 
the anterior tip of the temporal lobe and 
in the brain stem.” In the latter connec- 
tion, he refers to “ the production of Ausual 
hallucinations from tumors of the tegmen- 
tum of the midbrain, the ‘Hallucinose 
pedunculaire of L’hermitte,’ which is prob- 
ably produced by the involvement of some 
of the sympathetic sleep-controlling cen- 
ters in the hypothalamus adjacent to the 
midbrain.” 

In 1933, Johnson'^ published an exten- 
sive review of visual hallucinations ac- 
companjdng organic lesions of the brain 
and included an e.xcellent bibliography. 
He reported 5 additional cases of his own. 
In 1 patient with a meningioma under the 
right temporal lobe, the hallucinations 
were complex but not lateralized, although 
a left homonymous hemianopsia was pres- 
ent. A patient with a tumor involving 
the left paricto-occipital lobe had complex 
^^sual hallucinations, again not lateralized 
although a right homonymous hemianopsia 
^yas present. A patient with a gunshot 
injury to the right occipital lobe had simple 
hallucinations lateralized to the left side 
and an associated left homonymous hemi- 
. anopsia. A patient with an astrocytoma 
in the right cerebellar lobe had complex 
Hsual hallucinations which were not later- 
ilized, in association with an optic atrophy 
and bitemporal hemianopsia which John- 
son thought might be due to pressure on 
the inferior surface of the occipital lobes. 
A patient with a tumor invol\*ing both 
frontal lobes had normal fields of vision 
but had complex visual hallucinations 
lateralized to both temporal fields which 
Johnson' thought might be due to pressure. 


irritation of the chiasm. Among Johnson's 
conclusions from his study were: “Visual 
hallucinations are elaborated in the higher 
visual centers in the occipital cortex;” 
“the production of visual hallucinations 
presupposes a partially or wholly intact 
visuopsyclnc or visuosensory area;” “an 
irritation of any part of the visual path- 
way may, under certain pathologic condi- 
tions, stimulate the higher visual centers to 
an elaboration of visual hallucinations;” 
“ complex visual hallucinations . . . 

are projections of pre\’iously stored mem- 
ory pictures;” “visual hallucinations of a 
complex type . . . point strongly to 

an implication of the visual pathway by a 
lesion in the temporal lobe;” “crude \’isual 
hallucinations suggest an implication of 
the visual conduction tracts or higher ^^s- 
ual centers in the occipital lobe;” “as to 
the lateralizing value of visual hallucina- 
tions, a careful study of reported cases 
reveals that there is none, except that 
when the hallucinations are projected in 
a blind homonjunous field it is a confirma- 
tory'^ sign that the lesion is located in the 
contralateral hemisphere.” 

Johnson’s^ cases illustrated the varia- 
tions in the ty'pes of visual hallucinations 
and in the location of the lesions respon- 
sible for their production. And his' conclu- 
sions might be said to present vdth essen- 
tial adequacy modern ideas on the inter- 
pretation and value of visual hallucina- 
tions in the topical diagnosis of organic 
lesions of the brain. It is of interest, how- 
ever, to re^^ew a few series of cases which 
have been reported since his publication. 
It might be postulated that greater sig- 
nificance should attach to lateralized than 
to global hallucinations, and particularly 
to hallucinations lateralized in a blind 
field. It would be of interest to know 
whether the type of a lateralized hallu- 
cination is of, more localizing significance 
than the type of a global hallucination. 
However, in most of the reported series, 
the information as to lateralization of the 
hallucinations is not complete enough to 
warrant the drawing of conclusions. Vhile 
it is tnie probably, as stated by Ironside,® 
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that visual hallucinations of hemianopic 
distribution are more commonly associated 
■nuth gross intracranial lesions and ^ual 
hallucinations of more global distribution 
occur more commonly in toxic states, yet 
even among the hallucinations associated 
■with intracranial tumors, the global seem 
to outnumber the lateralized hallucina- 
tions. Thus, Sanford and Bair*^ state that 
22 among 211 patients who had tumors 
invoMng the temporal lobe gave a history 
of visual hallucinations. The hallucina- 
tions were lateralized to the blind half of 
the field in only 2 patients. In the rest 
of the cases, the rusions appeared in the 
seeing part of the field or oscillated back 
and forth from ,the seeing to the blind 
part. In Sanford and Bair’s'* series, there 
was no essential difference in tj^pe between 
the hallucinations occurring in association 
Avith lesions invohung the temporal lobe 
and those in lesions of the occipital lobe. 
Of 211 patients with tumors of the tem- 
poral lobe, 11 had formed hallucinations 
and 11 unformed; 2 of 45 patients vnth 
tumors of the occipital lobe had formed 
hallucinations and 2 unformed. 

In re\’iewing a series of 100 cases with 
\usual hallucinations among a group of 
800 verified intracranial tumors, Cairns^ 
listed 10 as being associated with tumors 
of the occipital lobe. He stated that visual 
hallucinations of hemianopic distribution 
in the form of flashes of light or shadow 
might be the first or an early symptom of 
tumors in the occipital lobe. In 11 pa- 
tients m’th tumors of tire parietal lobe, 
simple ■\nsual hallucinations occurred fol- 
lowed by a sensorimotor epileptic dis- 
charge. In 21 cases ■nlth tumors of the 
temporal lobe, the hallucinations were 
more complex in tj'pc and were associated 
with a variety of other sensory impressions. 
In IG patients m'tli tumors of the frontal 
lobe, visual hallucinations were e.xperi- 
cnccd which did not differ in character or 
clearness from those associated with le- 
sions in other p.arts of the brain. Cairns’ 
stated timt the localization of the haliu- 
cin.itions c.xpericneefl by patients with 
pituitara* or suprapituitarj' tumors did not 


correspond with the defects in the visual 
fields. He thought that -i-isual hallucina- 
tions might occur with tumors involving 
.anj*^ part of the cerebral cortex, the optic 
thalamus, or the optic chiasnj, and t))at 
there must be “ a ■wide system of neurons, 
stimulation of any part of which might 
set up hallucinations.” 

The figures given for the occurrence of 
xdsual hallucinations by Taracliow" in his 
rexnew of 458 cases of supratentorial tu- 
mors are somewhat difficult to evaluate. 
Apparently, unformed hallucinations were 
complained of by 23 patients with lesions 
variously placed in the frontal, temporal, 
parietal and occipital lobes, in the thalamus, 
third ventricle and pituitary. Fourteen 
lesions causing formed hallucinations were 
distributed among the frontal, temporal, 
parietal and occipital lobes and the optic 
chiasm. Among the cases in which tlic 
tumor was confined to the frontal lobe, 
formed hallucinations occurred in 1 and 
unformed in 2; in tumors confined to the 
temporal lobe, the hallucinations were 
formed in 2 and unformed in 2; in tumors 
confined to the parietal lobe, the hallu- 
cinations were formed in 1 and unformed 
in 2; and in tumors confined to the occipi- 
tal lobe, the hallucinations wore formed 
in 2 and unformed in 2. Tarachow" 
stated that pure occipital lobe lesions gave 
rise to risual hallucinations alone, not 
associated with other forms of hallucina- 
tions; but visual hallucinations, both 
formed and unformed, could occur in asso- 
ciation with lesions spread almost equally 
throughout all the lobes of the brain. 

The figures given by Allen* likewise are 
rather difficult to interpret. It would ap-. 
pear, however, that he encountered fonned 
visual hallucinations in association with 
tumors in the frontal, temporal and occip- 
ital lobes, but not in the parietal lobe. 
Unformed visual hallucinations were en- 
countered in tumors involving an.v one of 
the frontal, temporal, parietal or occipital 
lobes. Allen stated that, in vascular 
lesions in the occipital lobe, spontaneous 
\*isual phenomena, more often fomierl th.an 
•unformeri. might app'ar in the contra- 
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lateral hemianopic field sometimes for a 
short time just before the onset of the 
hemianopsia, often while the hemianopsia 
was present, and sometimes during the 
disappearance of the hemianopsia. 

.Weinberger and Grant'® described and 
discussed the visual hallucinations observ- 
ed in 12 patients with adenomas of the 
pituitary body and 4 patients with tumors 
of the hypophysial duct. In 3 of the cases, 
the hallucinations were simple and not 
lateralized; in 2 cases, they were simple 
and lateralized; in 8 cases, they were com- 
plex and not lateralized; in 2 cases, they 
were complex and lateralized. In 1 pa- 
tient, simple hallucinations were seen in 
front of the blind right eye only in asso- 
ciation with complex hallucinations of 
global distribution. Two of the patients 
in whom the hallucinations were lateral- 
ized were totally blind. In only 1 case 
were the hallucinations lateralized to a 
blind hemianopic field. 

It is generally believed that visual hal- 
lucinations are more common in associa- 
tion with tumors involving the temporal 
and occipital lobes than in lesions involv- 
ing the optic nerves and chiasm. How- 
ever, Weinberger and Grant'® collected 22 
cases with visual hallucinations among 
139 pituitary adenomas (15.8%) and 6 
among 84 tumors of the hypophysial duct 
(7.1 %). Sanford and Bair'- reported vis- 
ual hallucinations in 10.4% of 211 patients 
m'th temporal lobe tumors and in 8.9% 
of 45 patients nfith occipital lobe tumors. 

Weinberger and Grant'® think that all 
visual hallucinations are basically identical 
and that, therefore, the type of the hallu- 
cination is of no localizing significance. 
They stated: "The distinction has been 
made between the composition of a crude, 
or simple, hallucination and the composi- 
tion of a complex, or formed, hallucination 
without the difference being entirely clear. 
The 2 liave been thought of as comprising 
separate order of phenomena, but this at- 
titude is not compatible with psychologic 
facts. The simple or crude hallucinations 
are recognized by the patient as 'being a 
‘thing’ just as the more elaborate images 


are. Regardless of whether an image is a 
simple ‘thing,’ it nonetheless possesses 
enough characteristics to be recognizable 
and nameable. . . . Between the sim- 
plest type of visual image and the most 
elaborate there are imperceptible grada- 
tions. . . . From this point of tdew 
there are really no crude or complex images 
but merely hallucinations of different 
things. ... It seems to matter but 
little at w'hat point in the neuro-optic 
apparatus the stimulus is given. The final 
perception does not correspond to the im- 
mediate stimulus . but conforms to the 
background provided by experience.” 

On the basis of their review of the litera- 
ture, Weinberger and Grant'® state: “It 
appears, therefore, that when the cases in 
the literature are scrutinized, the categoric 
opinions that distinctive tJTDes of halluci- 
nations are peculiar to either the temporal 
or the occipital lobe become highly doubt- 
ful.” These autjiors conclude from their 
studies that visual hallucinations in them- 
selves have no localizing value whatever 
in focal diagnosis, that they may be pro- 
voked by lesions at any level of the neuro- 
optic apparatus, and that they are not due 
to local cortical excitability but are psy- 
chologic phenomena involving the total 
integrative acti\'ities of the mind. 

An unbiased survey of the material at 
hand would certainly seem to justify the 
conclusion that it is unwise to attribute 
too much localizing significance to the 
type of visual hallucination present in any 
given case of organic disease of the brain. 
And yet it is very difficult to rid the clini- 
cian of his impression that complex visual 
hallucinations, particularly if lateralized, 
furnish supportive evidence that the lesion 
is in the temporal lobe. In the most 
recently published book on Neuro-ophthal- 
mology, Walsh'® discusses the subject of 
rdsual hallucinations with especial atten- 
tion to the report of Weinberger and 
Grant.'® In reference to the frequency of 
hallucinations occurring in association 
with lesions affecting the optic nerves and 
chiasm, Walsh'® says: “We have not 
examined our tumor material from this 
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standpoint, but I should be greatly sur- 
prised if other than in temporal and oc- 
cipital lobe involvements there “were anj^- 
thing like the number of cases of %dsual 
hallucinations that these observers de- 
scribed.” He recognizes the occurrence of 
visual hallucinations in indi\dduals suffer- 
ing from purely ocular disorders and 
states: “Such %dsual hallucinations if they 
take the form of flashing lights either white 
or colored are properly attributed to reti- 
nal irritation, since indi^dduals with sepa- 
ration of the retina commonly make com- 
plaints regarding such sensations of light 
but do not, so far as I am aware, complain 
of complex Hsual iniager3'.” Walsh*® 


thinks that the visual hallucinations to 
postoperative cataract patients are psy- 
chologic and similar to the visual phe- 
nomena of nightmares. In the conclusion 
of his discussion, Walsh*® states: “I am 
unwilling to accept the conclusions of 
Weinberger and Grant*® in toto. There 
are • too manj' cases which support the 
proposition that formed hallucinations 
maj' arise as the result of temporal lobe 
involvement and that unformed ones may 
originate in involvements of the occipital 
lobe to accept new evidence without its 
being further substantiated.” And there 
the matter must rest. 
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Electrical Properties of Living Tissues. 
Hermann Schwan, Dr. rer. nat., Dr. 
HABiL (Kaiser-Willielm Institut Biophj's., 
Frankfurt/Main, and AMEL, Phila. Naval 
Base). The dielectric constant, e, and 
conductivity, 7, of living tissues can be 
measured for 6 hours in vitro. These con- 
stants determine the convection and dis- 
placement currents. Dispersions of e and 7 
with frequency have been demonstrated 
in 3 frequency ranges : between 30,000 and 
300 kc. from 1935 to 1938, at lower fre- 
quencies in 1938, and above 300,000 kc. 
more recently. Inhomogeneous structure 
or polar orientation of molecules could 
cause each of these dispersions. The rela- 
tionships between 6 and 7 and frequency 
alone do not elucidate the phenomena. 
At frequencies near 14 kc., the author 
has found that e of erytlirocyte suspension 
is independent of temperature, showing 
that polar orientation is not responsible 
for dispersion in the 30,000 to 300 kc. 
range. Dispersion of e in the lowest fre- 
quency range is greater at higher values 
of 7, which is itself not dispersed. The 
author ascribes these effects to polariza- 
tion at the electrode solution interface. 
Scanty measurements by iMalov, Paetzold 
and Gsell at ^’^ery high frequencies have 
now been e.xtended over a wider range, 
160 to 830 me., by new techniques. Dis- 
persion of e and 7 starts at about 600 me., 
and is due to polar organization in the test 
solutions. 

Such measurements are fundamental in 
diathermy. Tlie lieat developed in fat 
decreases more than that developed in 
muscle or other tissues at higher frequen- 
cies. However, penetration decreases at 
diminishing wave lengths. The techniques 
mentioned above indicate optimal wave 
lengths for diathermy in the decimeter 
range. 


Other applications of electrical measur- 
ing techniques include determination of 
erythrocyte volume (hematocrit) with low 
frequencies, erythrocyte size distribution 
with extremely low or high frequencies, 
and erythrocyte wall thickness. Another 
new electrical technique, superior to the 
Westergren method, determines sedimen- 
tation rate precisely and rapidly. 


A New Method for the Extraction of Tis- 
sue Proteins, With Particular Reference to 
Muscle. William R. Amberson, Ph.D., 
Rubert S. Anderson, Ph.D., Betty 
Chinn, and T. Erdos, M.D. (Dept, of 
Physiology, Univ. of Maryland, and Insti- 
tute of Physical Chemistry, Univ. of Upp- 
sala). iMyogen and myosin may be ex- 
tracted from whole muscle, without cut- 
ting or grinding. The tissues are placed 
in closed vessels and frozen in CO2 snow. 
Extracting solutions are tlien poured over 
them and extraction proceeds at 0° C. 

Distilled water extracts mi,'ogen from 
whole muscles, up to 2 % of the net weight 
after 5 days. No myosin is extracted and 
the solutions remain low in viscosity. 
Electrophoretic diagrams of white muscle 
extracts, after dialysis, show 2 compo- 
nents, 1 large and slow, the other small 
and fast Red muscle extracts show, in 
addition, a myoglobin peak, of intermedi- 
ate velocity. 

Salt solutions, such as 0.4 mg. K phos- 
phate buffer at pH 7,6, which readily e.x- 
tract myosin from minced or sliced mus- 
cles, are not able, for many days, to ex- 
tract this protein from whole muscles. 
Such salt solutions mobilize a larger yield 
of myogen, up to 4% of the wet weight, 
but the \Tscosity remains low. The elec- 
trophoretic diagrams are similar to those 
obtained from distilled water extracts. 
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"V^Tien pjTophosphate (Na 4 P 207 , 500 mg, 
%) is added to 0.4 mg. K phosphate 
buffer, the mixture is able to extract a 
minor percentage of the m 3 msin of whole 
muscles, up to 1 % of. the wet weight, in 
addition to the myogen. Such extracts 
develop considerable \’iscositj'. The elec- 
trophoretic pattern now shows a sharp 
myosin peak, with velocity somevdiat 
faster than that of myoglobin. Neither 
actomyosin nor actin appears. The pres- 
ence of mjmsin is also demonstrated by 
sharp peaks in the ultracentrifuge sedi- 
mentation diagrams. The mj'osin may 
be separated from the other protein by 
electrophoretic fractionation. 


The Influence of Non-electrolytes on the 
Ionic Equilibria of Cells, M. H. Jacobs, 
Ph.D, (Dept, of Physiologj', Univ. of 
Penna.). It was shown by Donnan that 
the presence of non-diffusible ions maj' 
profoundty influence the distribution of 
diffusible ions in a heterogeneous system. 
It is not so well knovm that non-diffusible 
non-electrolj"tes maj' have a similar effect, 
provided that the system in question is 
subject to osmotic volume changes, as is 
almost always tlie case with animal cells. 

Bj' the use of principles recently dis- 
cussed elsewhere (-/. Cell. Comp. Physiol., 
30, 79, 1947) equations have been derived 
for the determination of the theoretical 
ionic and osmotic equilibria of a cell ex- 
posed to any' desired mixture of an elcc- 


trolj'te such as NaCl and a non-penetrat- 
ing non-electrolyte such as sucrose. These 
equations, when applied to a hj'pothetical 
cell having the properties and the approxi- 
mate composition of the mammalian eryth- 
rocyte, indicate that internal pH changes 
of very' considerable magnitude might be 
produced by' merely' varying the propor- 
tion in the external solution of the 2 en- 
tirely' neutral solutes in question. 

The equations also permit further pre- 
dictions, which have been confirmed e,x- 
perimentally', concerning the character of 
the volume changes produced by the addi- 
tion of different quantities of NaCl to 
suspensions in a solution of sucrose of (a) 
normal, (h) ion-impermeable, and (c) ca- 
tion-permeable ery'throcy'tes. (The con- 
dition of ion-impermeability can be ap- 
pro.ximately' realized by' treatment of the 
cells with dilute tannic acid; that of cation- 
permeability by a short exposure to butyl 
alcohol.) With increasing additions of 
NaCl the ion-impermeable cells at equilib- 
rium show only shrinkage, the cation-per- 
meable cells only swelling, while the nor- 
mal cells show swelling at v'ery low con- 
centrations of salt, a maximum volume 
and a return to the original volume at 
moderate concentrations, and increasing 
shrinkage at higher concentrations. Tlie 
observed positions of maximum volume 
and of no volume change are in reasonably 
good agreement with those calculated theo- 
retically. 
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SuHGicAL Disorders of the Chest. By 
J. K. Donaldson, M.D., F.A.C.S., Assoc. 
Prof, of Surgery, IJniv. of Arkausas School 
of Medicine, etc. 2nd ed. Pp. 485; 146 
ills., 2 color plates. Phila.; Lea & Febiger, 
1947. Price, S8.50. 

The first edition of this book was widely 
accepted as being among the best of the few 
available texts dealing with surgical diseases 
of the chest. In this edition most of the 
material has been re\dsed and much rewrit- 
ten; 120 pages and 22 illustrations have been 
added. Recently introduced operations on 
the great vessels are described, and advances 
in thoracic surgery during World War II 
are discussed, with emphasis on hemothorax 
and decortication of the lung. The book is 
not intended for specialists in thoracic 
surgery; for students, general practitioners, 
and surgeons without special training in 
thoracic surgery, however, it is a valuable 
source of clear and accurate information 
about the pathogenesis, diagnosis and treat- 
ment of surgical chest diseases. References 
to articles appearing within recent months 
are included, and in general the book is 
probably as up-to-date as possible in this 
rapidly expanding field. C. K. 


Doctor Freud. An Anal.ysis and a Warn- 
ing. By Emil Ludaatg. Pp. 317. New 
York: Heilman, Williams & Co., 1947. 
Price, S3.00. 

It is said of this book that in Europe it is 
cither damned or praised to the skies. In 
America it will probably rouse a considerable 
interest. It will be seen that the author’s 
s})car is pointed more at Freud’s philosophy 
tlian at his ii.sychologj', and at that ])hiloso- 
phy as it spreads into education, sociologj', 
economics and religion. But Emil Ludwig, 
the biographer of Napoleon and Goethe, 
when he objects to the historical analj-sis of 
these men by Freud and his disciples, is on 
his own ground. His comments on Freud’s 
life arc also within his own boundaries. Mo.st 
.fVmericans will think that his ventures into 
psycholog}' and }'>s}'chiatr}' leave him far 
from home. E. B. 


Andreas Vesalius Bruxellensis: The 
Bloodletting Letter of 1539. An An- 
notated Translation and Study of the 
Evolution of Vesalius’ Scientific Devel- 
opment. By John B. deC. M. Saunders, ' 
F.R.C.S. (Edin.), and Charles Donald 
O’Malley. Pp. 94. New York: Henr}' 
Schuman, 1947. Price, S5.00. 

Its introduction expanded b}'- some 16 
pages, and with the addition of an index, this 
is otherwise a reprint of 1 of the 28 contribu- 
tions to the Studies and Essays in the History 
of Science and Learning Offered in Homage 
to George Sarton, published by the house of 
Henry Schuman* at 812, somewhat earlier 
in the same year. No statement of this 
relationship appears in the publication under 
review. 

As the first complete work of Vesalius to 
appear in the English language, the publica- 
tion is of exceptional interest, and even 
more deeply gratifjnng by ^’irtue of the 
authority and scholarship the translator- 
editors have brought to their task. One 
can therefore only regiut the more that such 
excelling inducements to the cultivation of 
an interest in medical histor}'' continue, at 
least in our country, to be subser\dent to 
the special interests of the bibliophile. It 
seems a pity that they are kept out of range 
of the modestl}' endowed librarj' and indi- 
vidual that is tempted to feast on such 
stimulating fare but cannot afford it. 

W. hlcD. 


The DE^XLOP.MENT OF jMoDERN hlEDICI.NE. 
By Richard Harrison Shrtock, Ph.D., 
Professor of Historj’-, Univ. of Pennsyl- 
vania. 2nd Ed. Pp. 457; 10 ills. New 
York: Alfred A. Knopf, 1947: Price, 
85.00. 

This edition of a well-known and valuable 
treatise on the historj' of medicine, which 
was first published in 1936, maintains its 
own high standard. The book is unique 
among medical lustories for its emphasis on 
public health and for its integration of medi- 
cal and social historj'. As a general historian 
experienced in the study of social progres.^, 
Dr. Shiyock has broadened the base of medi- 
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cal history. This 2nd edition is particularly 
valuable for its account of the powerful 
movements of the last decade directed 
toward group insurance against illness and 
lowered cost of medical care. The parts 
played by organized labor, industrj- and the 
Federal Government during the Roosevelt 
administration are well covered. The con- 
troversy" between organized medicine and 
the proponents of new procedures in medical 
practice is well presented in an unbiased 
manner that loses nothing of interest in its 
careful preservation of an objective point of 
A"iew. 

Emphasis is placed on the progressive 
development of coordinated research, both 
in the basic sciences and the application of 
medical discoveries to improvement in clini- 
cal practice and public health. Attention 
is called to the changes in the age distribu- 
tion of the population brought about by 
success in the prevention and therapy of 
infectious disease, and stress is laid on the 
incidence of chronic disease, particularly of 
a degenerative character, and its implications 
in a society with an enlightened sense of 
responsibility for human welfare. The chap- 
ter on mental disease has been brought up 
to date with reference to the new apprecia- 
tion by the medical profession of psychoso- 
matic medicine, and the great frequency of 
psychoneurotic disorder, illustrated start- 
lingly in the medical experience of the late 
war. 

The final chapter on Some Contemporary- 
Questions points out the leads that recent 
medical advance has given for future medical 
progrc.ss. It is quite in keeping with the 
sjurit of an optimistic historian, who looks 
upon medicine ns a great social science. 

E. L. 


The Foot .\n'd the Ankle. By Phillip 
Lewin, M.D., F.A.C.S., Associate Profes- 
.=or of Bone and .Joint Surgen.', Xorth- 
westorn IJniv. Medical School. 3rd Ed. 
Pp. S57; .'ISO ill=. Phila.: Ixa A Fcbigcr, 
1M7. Price, ?11.00. 

In this expanded edition, the author’.s 
revi>ior!s incorporate recent information. 
Tip' foot and ankle are naain con'^idered a= 
a unit intein'ated v.-ith the wliole, sf) that 
many condition.; vliioh only incidentally 
concern t!i> '>■ ‘•tnictnr'' -" are coniprehon^ively 

<vtn-:-i-Tntvin *)f innny difT^-rrnt enn- 


ditions is sufficient in detail to make the 
book valuable as a reference. On the other 
hand it is easily readable as a textbook for 
the specialty- student. The chapters on 
fractures, dislocations, and injuries have 
been enlarged. More space is devoted to 
vascular disturbances, and the author’s medi- 
cal experiences of the last war are included. 

In this edition the author frequently- em- 
ploy-s outlines set off from the text to empha- 
size important material. The many draw- 
ings and photographs arc of high standard 
and enhance the text. P. C. 


Amiable Autocrat: A Biography of Dr. 

Olr-er Wendell Holmes. By- Ele.\nor 

M. Tilton. Pp. 470; 9 ills. Xew York: 

Henry Schuman, 1947. Price, S5.00. 

Obi-iouslv biographies should be informa- 
tive. This one is. Scrupulous labor went 
into its composition, along with an admirable 
determination to present Dr. Holmes as a 
whole. At times Miss Tilton seems almost 
to achieve the acme of balance defined by- 
Lewis Carroll as err-ing "Rillchiam” when 
uncertain whether to say- “Richard” or 
“William.” Dr. Holmes himself, however, ir- 
repressibly escapes his biographer’s dispas- 
sion and shows, among other things, that 
amiability is not the preponderant qualifying 
ingredient of his great yet uncreative literary- 
abilities. 

IVIiss Tilton praises a “discriminating” 
rci-iew of 3 essays by Dr. Holmes, written by- 
Gerhard for The Americ.o' .Journal of the 
Medical Sciences (22, 1G3, IS.38). This 
Reviewer hopes she may accord a like adjec- 
tive to the statement tiiat her book is recom- 
mended to everyone interested in physicians 
or in men of letters. E. T. 


A Handbook on Dise.^ses of Childre.n, 
Including Dietetic.s and the Common 
Fever-s. Bv Bruce William.-^on, M.D. 
CEdin.), F.li.C.P. (Lo.nd.), Royal North- 
ern Hospital, London, .oth Ed. Pp. 403; 
S.3 fins. Baltimore: Williams A Wilkins, 
1947. Price, 

This little book pre'cnt'.- a brief outline 
of Pediatrics n= seen by one roirify-tent and 
exjie'rience^i ob-erver. .-ts sindi, it may- be 
read with iden-iire by the IVdiatrician for 
its vivid description-' and char rc.'i'lc.bl'“ 
styh'. The n-ithor gives fii-- own opinion's 
and the-/> are stimulating <'ven -.'.he.-i on'- 
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disagrees with them. The general practi- 
tioner will find ranch to help him in the brief 
but lucid descriptions and in the many prac- 
tical suggekions as to therapy. The photo- 
graphs are numerous and well chosen. Five 
editions in 14 years are sufficient indication 
of its popularity. For the undergraduate 
student, the book has the faults of any small 
handbook ■which covers a large field, and is 
not recommended. F. H. 


A Treatise on Gonioscopy. By Manuel 
Uribe Troncoso. Pp. 318; 117 ills., 35 in 
color. Phila.: F. A. Davis, 1947. Price, 
SIO.OO. 

This book, by one of the pioneers in this 
subject, has the weight of authority which 
only comes from long acquaintance. The 
first part gives a comparison of the anatom 3 '’ 
of the angle of the anterior chamber, in mam- 
malia, from the rodents up to man; and then 
the microscopic anatomj'’ of the angle in man 
compared with that seen with the gonioscope. 
An excellent chapter on the comparative 
physiology of the aqueous outflow is followed 
by one on the embryologj>- of the angle by 
Ida Mann. The rest of the book is a historj^ 
of the development of gonioscopy, the tech- 
niques of gonioscopic examination and a 
description of the angle of the anterior 
chamber in various pathologic conditions. 
It will undoubtedty take time to revise some 
of our clinical concepts in the light of our 
newer knowledge of the physiologj'' of the 
aqueous outflow, but no ophthalmologist can 
afford to evaluate cases of glaucoma without 
inquiring into the status of the angle of the 
chamber. This will undoubtedh’- become a 
routine office procedure. This book should 
be in the hands of cverj' competent ophthal- 
mologist who attempts to treat glaucoma. 

F. A. 


Nutrition.»lE Disorders of the Nervous 
System. Bv John D. Spieeane, B.Sc., 
kLD. (W.AEES), :M.B.C.P. (Lond,), Assis- 
tant Physician and Neurologist, Cardiff 
Royal Infirmarv. Foreword bi* George 
Riddocu, hl.D!, F.R.C.P. Pp*. 2S0; 103 
ills. Baltimore and London : Williams & 
Wilkins, 1947. Price, 85.00. 

The author j'jrosents a comprehensive and 
excccdingty well-documented account of the 
general effects of malnutrition in humans. 
The material is -well organized and is pre- 


sented in a readable, clear, critical and sj^s- 
tematic manner. Two chapters are devoted 
to the nutritional encephalopathies, 1 chap- 
ter each to degenerative lesions of the.spinal 
cord and to potyneuritis. The historjq chem- 
istrj’- and pharmacologj”- of the known wta- 
mins and the clinical pictures of pellagra and 
beriberi are fulty dealt with. Of special 
interest are the well-illustrated chapters giv- 
ing the author’s personal experience among 
refugees and prisoners of war. Our present 
incomplete understandmg of all the factors 
w'hich determine the incidence of nutritional 
disease, and the unpredictability of success- 
ful therapj’' is acknowledged, and the possible 
roles of quantitative as well as qualitative de- 
ficiencies is discussed. The book is attrae- 
tivety bound and well illustrated. J. L. 


Clinical Neuro-ophthalmology. B^^ F. 
B. Walsh, M.D., F.R.C.S. (Edin.), Asso- 
ciate Professor of Ojihthahnologj', The 
John Hopkins Univ. Pp. 1532; 384 figs. 
Baltimore: Williams & Wilkins, 1947.. 
Price, S15.00. 

This is a monumental work. It represents 
the accumulated experience of years of care- 
ful observation of patients and a thorough 
study of the literature on neuro-ophthalmol- 
og 3 ^ Dr. Walsh is well known for his original 
contributions to this subject, and his book 
far surpasses anj" in English that lias at- 
tempted to cover the field. 

The 17 chapters are as follows; (1) The 
idsual pathways. Diagnosis of lesions situ- 
ated at different levels. (2) Other cranial 
nen'es. Topical diagnosis. (3) The auto- 
nomic system. (4) The pupil; normal and 
abnormal accommodation- (5) The ei'clids 
and extraocular muscles. (6) Papilledema, 
optic neuritis, optic atrophy. (7) Congenital 
and development abnormalities and disease 
of the eyes and central nervous si'stem. (8) 
Infection and parasitic invasions of the ner- 
vous system and their ocular signs, includ- 
ing an outline of nervous sj'stcm and ocular 
s}'philis. (9) Heredofamilial and degenera- 
tive diseases. (10) Toxic and Metabolic dis- 
eases. (11) Disorders of muscles. (12) Vas- 
cular lesions and circulator\’ disorders of the 
nervous sj'stem; ocular .signs. (13) Ocular 
and intracranial tumors and related condi- 
tions. (14) Injuries by phj'sical agents; ocu- 
lar signs. (15) Epilepsy ; migraine, and other 
paroxA'smal disorders. (IG) The ocular signs 
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of hysteria; malingering, and traumatic neu- This textbook has been revised and ex- 
rosis. The^psj'chiatric aspect of ocular dis- panded in an attempt to keep pace vith 

orders. (17) Drugs, poisons, and toxic am- newer concepts and tediniqucs in anesthesia, 
blyopias. In addition to the chapters on nitrous oxide 

This book will be a welcome addition to anesthesia, those dealing with intravenous 
the librarj’' of every ophthalmologist and anesthesia and the application of local anes- 
neurolopst and neurosurgeon. P. A. thesia in operative dentistrj' and root canal 


ToiionnoVs Food — The Coming Eevoltj- 
TION IN Nuthitton. By Jajies Rortt 
and N. Philip Nohjian, M.D. Pp. 258. 
New York: Prentice-Hall, 1947. Price, 
83.50. 

The authors of this volume, a journalist 
and a phj’^sician, join forces to present an 
intriguing story addressed to the lai' reader. 
They are concerned not so much with the 
quantity of food available to us, but rather 
vith the quality as measured in the units 
of a balanced diet. Thej’’ cite the growing 
record of ph 3 'sical ills that ma}' be attributed 
in part to imbalanced nutrition. This im- 
balance can arise from the use of products 
produced on depleted soils, but more par- 
ticularlj’ from the use of "deritalized” food- 
stuffs. Our food habits have been so devel- 
oped that we accept, in preference, highlj' 
milled cereal grain products and “pure" 
sucrose as major components of our daib' 
food. “Enrichment” programs are not ac- 
cepted as the waj’ to improve the situation. 

The food problem is not a simple one, 
being composed of nutritional, economic, 
social and political elements. The authors 
urge that the important discoveries of the 
soil scientist and the plant breeder should be 
utilized to increase the j-ield of foodstuffs, 
and also that improved methods of food 
processing be more generall.v adopted. Fi- 
nalh', that more cfTicient and less wasteful 
methods of distribution are necessarj’. Only 
when all phases of the problem arc integrated 
to the benefit of the consumers shall we 
enjov the optimum nutrition now denied us. 

H. V. 


PiuonoL Ani;sthesi.\ fop. De.vt.\l .and 
Oral Surokry— Local and Gk.vep..al. 
By nA}:RV M. .'^^eldlv, D.D..«., F.I.C.D., 
I'M.C..-\. Consulting Oral Surgeon, Ilnr- 
Fm Ho'p., New York City Cancer Insti- 
tute and Pce.k.-kiil iro=j)if.a!. .Id Efi. Pp. 
.'I'VJ; o.'i.S ill-. Pliila.: Lea A Pehiger, 19 »7. 
Prir>-, ?S,riO. 


therapj' have been expanded and rearranged. 
New illustrations have been added 

Several chapters are devoted to the physi- 
ologj’ and pharmacolog}’ of inhalation anes- 
thesia and respiration. This effort, though 
commendable, is marred bj' numerous errors 
in basic ph 3 'siologj'. For instance, the state- 
ments that a decrease in respirator 3 ’ rate, 
and even apnea, can b,o produced b 3 ' “over- 
oxygenation;” that the innervation of the 
carotid body is \da the vagus nerve; that 
“when a normal person assumes the recum- 
bent position, respiration usualJi' becomes 
slower and deeper due to the irregular dis- 
tribution of the air in the pulmonnr 3 ' alveoli.” 

A superficial attempt is made to aid the 
dentist in evaluating poor risks for anes- 
thesia, but there is no recommendation for 
the hospitalization of certain poor-risk 
patients for anesthesia and oral surgery. In 
fact, the author tacitly decries such a prac- 
tice when he concludes, on the grounds of 
some questionable statistics, that office 
dental anesthesia is safer than ho.spital anes- 
thesia. 

This text should prove of some value to 
those practising local anesthesia for oral 
surger 3 ^ and mn 3 ’ be helpful to those inter- 
ested in various techniques of nitrous oxide 
anesthesia. The illustrations and charts are 
splendid. K- 


• Anesthetic ^Methods. B3' Geoffrey 
Katc, Borert OitTON and Dougi-ar 
Renton. Univ. of Melbourne and the 
Alfred Ho,=pita!, Melbourne. Pp. 70G; 18S 
ills. IMclbournc, Ausfralin; W. Ram.'-eA' 
(.Surgical) PtA". Ltd., lOIfi. 50 .‘■hillings. 
This new tc.xt is intended to provide more 
information than is pre-ent in manu.als, hut 
le."^ than in exhaustive volume-) Avritten for 
.‘••pcci.alFts in anesthe.'^ioIogA'. 

B.asal, irdialationnl, intravenou“ and 
spinal ane-‘the‘^i.a are di'eu--'’-fi thoroughlv. 
Loc.al ane-tlie'-Ia i= not i-on-idfred .‘-ince the 
authors regard regional teclmiqucJ as irn- 
practiral for ca-md ane-thoti-t-. It i“ 
unfortunatf that such sinijile metl/Kl- a* 
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caudal, brachial plexus, and lumbar sympa- 
thetic blocks are not described . 

The outline on premedication is brief and 
indefinite. Atropine and scopolamine are 
recommended f6r use only prior to adminis- 
tration of irritative vapors and intravenous 
anesthetics. The chapters concerned with 
the pharmacologj'^ of anesthetic agents are 
concise and informative. The outstanding 
features of the book are the large number of 
excellent diagrams of anesthesia machines 
and the descriptions of the use of these 
machines in administration of anesthetics. 

The volume can be recommended to all 
physicians interested in anesthesia. Its con- 
servative viewpoint makes it of value to 
practitioners who must administer anesthetic 
agents occasionally. R. D. 


The Lung. By William Snow Miller, 
M.D., Sc.D., late Emeritus Professor of 
Anatomy, Univ. of Wisconsin. 2nd Ed. 
Pp. 222; 168 ills. Springfield, 111.; Charles 
C Thomas, 1947. Price, 87.50. 

This classic in anatomy represents a life- 
time of painstaking research by an investi- 
gator who lived to advanced j-^ears. Between 
the first publication of the volume in 1937 
and Miller’s death in 1939 he continued to 
gather material and to study the growing 
literature critically. Actually, however, the 
chief items added date from 1932 to 1935, 
the material of the 1st edition representing 
largely the results of research up to 1932. 

As the review of the 1st edition in this 
Journal stated, “Its greatest value lies in its 
superb illustrations, because these enable the 
reader to grasp and understand pulraonarj’^ 
structure in 3 dimensions.” The 2nd edition 
contains 16 more illustrations than the 1st, 
including 3 color plates, and 33 more refer- 
ences to the literature. The few inferior 
illustrations of the 1st edition have been 
replaced by better ones. New text material 
appears chiefly in 2 chapters. Miller added 
substantially to his concept of a true epithe- 
lial lining of the lung alveoli, through the 
introduction of sections from pathologic 
lungs. In the Preface he stated that he liad 
devoted much time to tin's after the appear- 
ance of the 1st edition and found no reason 
to change his views. He admitted that 
‘‘some workers think differently.” 

The second significant addition is in the 
text on the pleura, in which use is made of 


0. Larsell’s ultimate discover}'- of nerve end- 
ings in the human pleura, after his initial 
failure to find them. The highly important 
chapters on the blood-vessels and lymphatics 
and on pulmonary lymphoid tissue remain 
■virtually unchanged, as does the short chap- 
ter on ‘‘key points” with which every 
student of the lung is now familiar. 

The format is similar to that of the 1st 
edition. The illustrations and printing are 
slightly sharpened, and in general the press 
work is excellent. E. L. 


Essentials of Endocrinology. By Ar- 
thur Grollman, Ph.D., M.D., Professor 
of Medicine and Chairman of the Dept, of 
Experimental Medicine, The Southwestern 
Med. Coll.; Attending Physician and Con- 
sultant in Endocrinolog}’-, The Parkland 
Hosp., Dallas, Te.xas. 2nd ed. Pp. 664; 
132 ills. Phila.: J. B. Lippincott, 1947. 
Price, SIO.OO. 

This is in general a sound and well-written 
outline of endocrinologj'. Following a basic 
introductory survey, the text is di\aded into 
5 major parts, dealing respectively with the 
endocrine organs of the cranial cavity, the 
branchiogenic, abdominal and reproductive 
endocrines, and the hormones derived from 
non-endocrine organs. The style is gener- 
ally lucid, the approach conservative and 
the graphs and illustrations well chosen. 
The anatomic and physiologic factors under- 
lying the clinical disorders of each part of 
tlie endocrine .system are generally well dis- 
cussed and properly emphasized, although 
the section on carbolij'drate metabolism 
might be a little more detailed and less 
vague. There are a few typographical errors. 
The page subject lieadings and the list of 
therapeutic endocrine preparations on the 
inside covers are commendable features. 

The hypercritical might take exception to 
some errors of omission. For instance, the 
malignant potentialities of nodular goiter are 
inadequately stressed; the di'^cus.'^ion of 
gjmecomastia is too sketchy; the important 
contribution of the Coris on the interaction 
of insulin and anterior pituitan,* extract in 
carbohydrate metabolism is not mentioned; 
the concept of pseudohj-poparathyroidism 
receives no comment; disturbances of carbo- 
hydrate metabolism in patients with hyper- 
functioning tumors of -the adrenal medulla 
are not mentioned, and the contraindica- 
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tions to the testosterone therapy are insuffi- 
ciently emphasized. More space might have 
been given to the adaptation sjTidrome and 
its implications; and some may question 
'the justification for considering metabolic 
craniopathy as a definite clinical entity. 
One venders, also, vhethcr Cushing’s syn- 
drome might have been more logical!;' classi- 
fied as an adren.al disorder than as one 
of primarj' pituitar;' origin. One may seri- 
ously doubt the diagnostic value of the 
response to subcutaneous injections of small 
doses of epinephrine in suspected functioning 
tumors of the adrenal medulla. However, 
despite these relatively minor criticisms this 
book may be recommended as among the 
best in its field in the current American 
literature. E. R. 


Common* Contagious Diseases. By 
Philip jMoen* Stoison, A.B., AI.D., A^ 
soc. Prof, of Clinical Pediatrics, Cornell 
TJniv. Aledical College. 4th ed. Pp. 503; 
67 ills., S plates, 6 in color. Phila.: Lea 
& Febiger, 1947. Price, S4.00. 

This book continues to be a useful exposi- 
tion of the so-called contagious diseases. 
The contents have been largely reivritten; 
a new chapter on the sulfonamides and anti- 
biotics has been added; the chapter on pilio- 
myelitis is practically new; more illustrations 
and photomicrographs have been incorpor- 
ated and the bibliography brought up-to- 
date. The fact that this text has gone 
through four editions speaks for itself. 
■Written by a pediatrician, the book omits 
some diseases that could qualify* as con- 
tagious diseases, viz.: scabies and pediculo- 
sis; erj'sipelas. Certain aspects of some con- 
tagious diseases are also given slight notice. 
For e-xample, no detailed discussion of 
cutaneous diphtheria and the pyodermas is 
included. However, this edition adequate!;* 
fills a need for the student and practitioner. 

H. B. 
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Clinical Kcuro-Ophihalmologtj. By Frank 
B. Walsh, AI.D., F.R.C.S. (Edin.), Assoc. 
Prof, of Ophthalmolog;', The Johns Hop- 
kins Univ. Pp. 1532; 3S4 figs. Balt.: 
■Williams & Wilkins, 1947. Price, S15.00. 


Gomoscopy. By Manuel TJribe Troncoso, 
AI.D., Assist. Clinical Prof, of Ophthal- 
molog;', College of Physicians and Sur- 
geons, Columbia Univ. Pp, 318; 117 ills., 

• 35 in color. Phila.: F. A. Da;'is, 1947. 
Price, SIO.OO. 

Dcrinalohgy in General Praclicc. By Sig- 
MUNm S. Greentj.aum, B.S., AI.D., FA.. 
C.P., Prof, of Clinical Dermatolog 5 * and 
Syphilologj', Univ. of Pennsj'lvania Gradu- 
ate School of Medicine. Pp. SS9; 846 ills., 
20 in color. Phila.: F. A. Dar'is, 1947. 
Price, .$12.00. 

Practical OJJice Gynecology. By E1;rl John 
IC. vRN.\KY, AI.D., Assist. Prof, of Clinical 
Gj'nccologj', Baylor Univ. Pp. .261;' 113 
ills. Springfield, m.: Charles C Thomas, 
1947. Price, $7.50. 

Handbook on Fractures. Bv Duncan Eve, 
Jr., ALD., r.A.C.S., Assoc. Prof, of Sur- 
gery*, Vanderbilt Univ. Pp. 263; 129 ills. 
St. Louis: C. V. Mosbv, 1947. Price, 
$5.00. 

Jaundice, Us Pathogenesis and Differential 
Diagnosis. By Eli Rooin Movitt, ^I.D. 
Pp. 261; 22 ills. New York: Oxford 
Univ. ■Press, 1947. Price, $6.50. 

Amiable Aidocrat: A Biography of Dr. Oliver 
Wendell Holmes. By Ele.an*or M. Tilton, 
Pp. 470; 9 ills. New York: Henry Schu- 
man, 1947. Price, $5.00. 

Dynamic Aspects of Biochemistry. By 
Ern*est Baldwin, B. A., Ph.D., Univer- 
sity Lecturer in Biochemistry*, formerly 
Fellow of St. Jolm-'s College, Cambridge. 
Pp. 457; 33 figs. New York: The iUac- 
millan Company*, 1947. Price, $4.00. 

Calcium and Phosphorus in Foods and Ahdri- 
iion. By* Hen*rt C. Sherman, Alitchill 
Prof. Emeritus of Chemistry*, Columbia 
Univ. Pp. 176. New York: Columbia 
University Press, 1947. Price, $2.75. 

400 Years of a Doctors Life. Collected and 
Arranged by* George Rosen, AI.D., and 
Beate Casp-ABI-Rosen, AI.D. Pp. 429. 
New York: Henry* Schuman, 1947. Price, 
$5.00. 

Your Teeth: And How to Keep Them. By 
Jerome J. AIiller, D.D.S., fonnerly 
Assist. Prof, of Oral Surgery, New York 
Univ. Pp. 232; 44 figs. New York: Lan- 
tern Press, 1947. Price, $3.00. 
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Physics for the Ansesthelist. By R. R. Mac- 
intosh, M.A., M.D., R.R.C.S., D.A., Nuf- 
field Prof, of Anresthetics, Oxford, and 
WiLMAM W. Mushin, M.A., M.B., B.S., 
D.A. Pp. 235; 431 ills., 152 in color. 
Springfield, 111.: Charles C Thomas, 1947. 
Price, S7.50. 

College Chemistry in hhirsing Education. B 3 ’’ 
Edna Curtiss Morse, R.N., A.M., Ed.D., 
Assist. Prof, of Home Economics, Colum- 
bia IJniv. Pp. 260. New York: The 
Macmillan Company, 1947. Price, S4.00. 

Nursing in Modern Society. Bj’’ Mary Ella 
Chayer, R.N., A.M., Assoc. Prof, of 
Nursing Education, Columbia Univ. Pp. 
288. New York: G. P. Putnam’s Sons, 
1947. Price, $4.00. 

The Oculoroiary Muscles. By Richard G. 
ScoBEE, M.D., Instructor in Ophthalmol- 
ogy, Washington Univ. School of Medi- 
cine, St. Louis. Pp. 359; 112 figs. St. 
Louis: C. V. Mosby, 1947. Price, $8.00. 

This is a very readable book on tlio diagnosis 
and treatment of disturbances of the oculo- 
rotary of the eye. The author has an easy and 
informal stylo and develops his subject logi- 
cally and with clarity. He deals with a subject 
in which there arc many controversial points 
and his dogmatism is justified in the interests 
of teaching. The chief value of the book is in 
presenting the author’s -view on comitant and 
incomitant squint in children. The book will 
bo of value to all who are interested in ocular 
muscle anomalies. (F. A.) 

Unipolar Lead Electrocardiography. By 
Emanuel Goldberger, B.S., M.D., Ad- 
junct Physician, Montefiore Hospital, New 
York. Pp. 182; 88 ills. Phila.: Lea & 
Febigcr, 1947. Price, .$4.00. 

Doctor Freud, an Analysis and a Warning. 
B.y Emil Ludwtg. Pp. 317. New York: 
Heilman, Williams & Co., 1947. Price, 
$3.00. 

Ulcer, The Primary Cause of Gastric and Duo- 
denal Ulcer. By Donald Cook, B.A., 
M.D. Pp. 187; 27 figs. Chicago: iVIedi- 
cal Center Foundation and Fund, 1947. 
Price, $5.00. 

Blood Dcrivalit'cs and Substitutes. Bj' 
Charles Stanley White, IM.D., former 
Prof, of SurgeiA-, George Washington 
Univ. School of Medicine, and Jacob 
Joseph Weinsti:in, B.S., iU.D. Pp. 484: 
190 figs. Balt.: Williams Wilkins, 1947. 
Price, $7.50. 


Hypnotherapy, a Survey of the Literature. 
B 5 ’' Margaret Brbnman-, Ph.D., Prof, 
of Ps 5 ’’cholog}% Univ. of Kansas, and 
Merton M. Gill, M.D., Assoc. Psychia- 
trist. The Menninger Foundation hlono- 
gi-aph Series No. 5. Pp. 276. New York: 
International Universities Press, 1947. 
Price, $4.50. 

This is an authoritative book and one that 
is a valuable contribution to its field. It con- 
sists of; a section on hj^pnotherapy (originally 
published in 1944 by the Josiah Macy Jr. 
Foundation); 4 case studies in which hjiino- 
therapy was employed; and an experimental 
study of “tension systems” in the Leninian 
sense. An extensive bibliograplu' is included. 

'' (E. B.) 

A Prmer of Cardiology. By George E. 
Burch, M.D., F.A.C.P.J Assoc. Prof, of 
Medicine, Tulane Univ., and Paul 
Reaser, M.D., Instructor in hledicine. 
Pp. 272; 203 ills. Phila.: Lea & Febiger, 
1947. Price, $4.50. 

Although the book is offered as a primer 
for beginners, the number of physicians who 
would fail to profit from its study is small 
indeed. Its emphasis has successfully been 
“placed upon those cardiac problems which are 
likely to be of greatest importance in medical 
practice.” 

Annual Review of Microbiology. Vol. I. 
Edited by Charles E. Clifton, Sidney 
Raffel, and H. Albert Barker. Pp. 
404. Stanford, Calif.: Annual Reviews, 
1947. Price, .$6.00. 

I.MPonTANT developments in the rapidly grow- 
ing field of microbiology arc considered in the 
reriew articles of this collection. The topics 
include rickettsial, respiratorj' riruses, chemo- 
therapeutic agents, immunochemistry, variation 
in plant fungi and riruscs, growth factors for 
protozoa, bacterial metabolism, and nitrogen 
metabolism. All subjects arc reviewed by indi- 
riduals who have done research work in the 
field concerned. The phases of any given .sub- 
ject that are considered are at times limited, 
but arc always informative. (I. Z.) 


NEW EDITIONS 

Mind and Memory Training. Bj* Ernest E. 
Wood, former Principal of the D. G. Sind 
National College, Hj-derabad, Sind. 2nd 
Ed. Pp. 1S8. London and New York; 
Pitman Publishing, 1945. Price, $2.50. 

This book effectively exhibits the .author's 
knowledge of the histoiy of memory training, 
including excerpts from the works of John 
Willis (pub. IGIS) and those of “a certain 
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Major Beniowski,” with a special chapter on 
“Memory-men of India.” The few items of 
practical value are scattered somewhat thinly 
through this mass of material, and the book 
has little to offer the psychologist or psychia- 
trist. (E. B.) 

Poisons, Their Isolation and Identification. 
By Frank Basiford, B.Sc., late Director 
of the Medico-Legal Laboratory, Cairo. 
Revised b3' C. P. Stewart, lil.Sc., Ph.D., 
Univ. of Edinburgh. 2nd Ed. Pp. 304; 
23 ills. Phila.: Blakiston, 1947. Price, 
S5.00. 

Handbook of Diagnosis and Treatment of 
Venereal Diseases.- Bj"- A. E. W. Mc- 
Lachlan, M.B., Ch.B. (Edin.), Consult- 
ant in Venereal Diseases, Cit3' and County 
of Bristol. 3rd Ed. Pp. 375; 160 ills. 
Balt., and London; Williams & Willdns, 
1947. Price, S5.00. 

This handbook, in 21 chapters, is about 
equally diidded between syphilis and the other 
venereal diseases. The diagnosis and treatment 
' of all the venereal diseases are adequately 
covered. The colored plates, especially those 
showing early generalized syphilis, are excellent. 
This book should be of great value to the 
medical student and the general practitioner. 

(B. H.) 


Tie Foot and Ankle. By Phillip Lewin, 
M.D., F.A.C.S., Assoc. Prof, of Bone and 
Joint Surgery, Northwestern Univ.,i\Iedi- 
cal School. 3rd Ed. Pp. 847; 389 ills. 
Phila.; Lea & Febiger, 1947. Price, 
Sll.OO. 

Diseases of the Nose, Throat and Ear. B3’- 
WiLLi-ui Lincoln Ballenger, M.D., 
F.A.C.S., late Prof. Univ. of Illinois School 
of Medicine, and Howard Charles Bal- 
lenger, M.D., F.A.C.S., Assoc. Prof, 
of Otolar3mgology, Northwestern Univ. 
School of Medicine, assisted b3' John 
Jacob Ballenger, B.S., M.D. 9th Ed. 
Pp. 993; 597 ills., 16 plates. Phila.; Lea 
■ & Febiger, 1947. Price, .$12.50. 

Synopsis of Nemopsychialry. B 3 ' Lowell 
-'S. Selling, M.D., Ph.D., Dr.P.H., 
F.A.C.P., Director, Ditision of JMental 
Health, Florida Department of Health. 
2nd Ed. Pp.- 561. St. Louis; C. V. 
Mosb3', 1947. Price, 86.50. 

This book attempts to put aU of neurology 
and psychiatry into 1 volume; the neuroses into 
24 pages; psychosomatic medicine into 7; child 
psychiatry into 30. It is a synopsis for the 
general practitioner. (E. B.) 
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Aubrey B. Harwell, M.D.t 

NASHVILLE, TENNESSEE 

(From the Medical Service, TJiayer Veterans Administration Hospital) 

The purpose of this report is to sum- fection with P. Utlaraise appeared simul- 
marize the clinical data on 56 cases of taneously from several different workers, 
tularemia which have been treated with Foshaj^i® reported in detail his observa- 
streptomycin in 22 Veterans Administra- tions on 7 cases and later® extended them 
tion Hospitals. to 9 cases. KeefeP' includes 67 cases in 

Since its first description in 1911,"® his official report on streptomycin, but 
tularemia has been the subject of intense goes into no detail concerning them, 
and rewarding studj" by a large number of Nichols and HerrelP^ list 15 cases in their 
workers. Its etiology, pathology,'® ®® general report, Howe cf al}^ discuss 7 cases, 
epidemiology and clinical course®"® Abel' had 3 cases and Cohen and Lasser^ 
have been clearly described and the reported 1 case. 

American literature has become so rich on Commencing in IMarch, 1946, and for 
all phases of the subject up to the intro- the remainder of the calendar year, the 
duction of streptomycin that we feel it Streptomycin Committee of the Central 
superfluous to add to this material. The Office, Veterans Administration, in Wash- 
reader is referred to one of the several ington, D. C., shipped streptomycin by 
excellent reviews of the literature.®" ®' "® Air Express to its hospitals upon tele- 
Shortly after Schatz, Bugic, and Waks- graphic notification of appropriate diag- 
man®' discovered and described strepto- noses. Among the cases thus treated were 
mycin and suggested its use in the treat- 56 patients ndth tularemia. At the request 
ment of diseases caused by a variety of of the Streptomycin Committee and 
Gram-negative pathogens, Heilman'® re- through the extraordinary courtesy and 
ported its effectiveness against P. /H/arensc cooperation of the various hospitals and 
both in vilro and in rats. From March to the individual doctors who treated the 
July, 1946, the Committee on Cherao- patients, we have been able to review in 
therapeutics and other Agents of the detail their complete clinical records for 
National Research Council distributed the the purpose of this publication, 
antibiotic for clinical trial in a number of The clinical classification of human in- 
different hospitals and, in consequence, fection with P.h/farrn^c into ulccroglandu- 
puhlished reports of its use in human in- lar, oculoglandular, glandular, and ty- 

t Instructor in Clinic.nl Medicine at Vanderbilt University School of Medicine, 
vou ‘.Jir.. NO. s— lius 
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phioidal types'^ has served useful purposes 
in the study of the clinical course, 
mode of infection,’’'^ the role of insect 
vectors, and pathology^® Blackford 
and Cassey,- and Pullen and Stuart^ and 
others^'*®’*®’^®’^® have emphasized the fre- 
quency and the importance of pneumonic 
involvement in all varieties of this infec- 
tion. In our group of patients the occur- 
rence of pleuropulmonary tularemia, A\ath 
or Avithout obAUous inA'olvement elseAA'here, 
added so much to the graAuty and urgency 
of the clinical problem that it seems desir- 
able to diAude the cases into a group of 15 
who had notable pneumonic involvement, 
and a group of 41 without pulmonary 
infection. 


patient’s serum. Because of the danger of 
laboratory infection, few hospitals made 
serious efforts to recover the organism by 
culture, and in only 2 cases was the patho- 
gen demonstrated by animal inoculation. 
In the remainder, the diagnosis in the 
ulceroglandular cases Avas suggested by the 
clinical features of the infection (exposure 
to possible vectors, primary ulcer, regional 
lymphadenopathy,' and others) and in 
every case it Avas confirmed by the presence 
of specific agglutinins, AAnth rising titer, in 
the patient’s serum. Proof of pneumonic 
inA'olvement depended upon positive phys- 
ical findings and serial roentgenograms 
associated AAoth the presence of specific 
agglutinins. 


Table 1 . — Summary of Clinical Data in 41 Cases of Ulceroglandular Tularemia 

Treated AA'ith Streptomycin 


Case 

No. 

1 . 
2 . 

3 . 

4 . 
6 . 
6 . 

7 . 

8 . 
9 . 

10 . 
11 . 
12 . 

13 . 

14 . 
16 . 
16 . 

17 . 

18 . 

19 . 

20 . 
21 . 
22 . 

23 . 

24 . 
26 . 
26 . 

27 . 

28 . 

29 . 

30 . 

31 . 

32 . 

33 . 

34 . 

35 . 

36 . 

37 . 

38 . 

39 . 

40 . 

41 . 





Average 

After beginning treatment 

Day of 



maximum 

^ — — - 



illness 


No. of 

temperature 

Days to 

Days 

No. of 

drug 

Total 

treatment 

before 

clinical 

of 

days to 

started 

dose (gm.) 

days 

treatment 

improvement 

fever 

discharge 

. 3 

6.0 

6 

100.0 

1 

4 

6 

. 4 

8.4 

7 

100.0 

1 

2 

n 

. 4 

7.0 

6 

104.0 

1 

5 

8 

. 6 

8.0 

8 

98.8 ■ 

? 

7 

16 

. 7 

13.2 

8 

102.0 

1 

6 

17 

. 9 

8.0 

8 

98.4 

7 

7 

27 

. 9 

8.0 

6 

101.0 

1 

i 

14 

. 10 

8.8 

11 

103.0 

1 

2 

IS 

. 10 

6.0 

7 

100.4 

1 

2 

8 

. 12 

9.6 

8 

101.4 

1 

2 

36 

. 13 

4.0 

6 

102.8 

1 

2 

12 

. 13 

7.0 

4 

100.0 

4 

5 

23 

. 16 

8.0 

8 

100.8 

2 

4 

63 

. 16 

9.1 

12 

99.4 

5 

7 

14 

. 16 

7.2 

6 

99.2 

7 

7 

39 

. 16 

8.0 

6 

98.8 

7 

7 

9 

. 16 

9.6 

8 

98 .8 

4 

4 

25 

. 17 • 

7.0 

7 

99.2 

3? 

3 

11 

. 17 

8.0 

6 

7 

7 

7 

15 

. 18 

11.6 

8 

102.1 

1 

4 

18 

. 20 

8.0 

6 

99.6 

4 

4 

14 

. 21 

8.0 

8 

99.0 

7 

4 

12 

. 21 

12.0 

• 8 

100.4 

3 

4 

39 

. 22 

4.0 

6 

99.0 

7 

7 

7 

. 22 

11.6 

10 

101.4 

8 

8 

11 

. 23 

9.0 

9 

99.8 

3 

3 

36 

. 25 

8.4 

7 

102.0 

2 

5 

13 

. 25 

20.0 

17 

99.8 

7 

6 

46 

. 26 

10.8 

9 

99.8 

1 

2 

23 

. 29 

7.2 

6 

98.0 

7 

7 

25 

. 29 

8.4 

7 

99.9 

7 

7 

7 

. 29 

7.0 

6 

102.2 

7 

10 

26 

. 30 

6.0 

6 

99.4 

7 

1 

20 

. 30 

9.6 

8 

98.4 

7 

7 

9 

. 32 

8.4 

' 

100.6 

7 

7 

89 

. 32 

1.92 

6 

101.6 

5 

5 

49 

. 42 

9.6 

8 

99.2 

11 

16 

61 

. 42 

17.6 

13 

99.0 

2 

2 

41 

. 48 

9.6 

8 

100.0 

2 

2 

8 

. . . 

18.6 

13 

98.4 

3 

3 

71 

. 90 

7.0 

7 






Condition 
of lymph 
nodes at 
discharge 
Regressing 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Normal 
Regressing 
Regressing 
Enlarged 
Enlarged 
Draining 
Regressing 
Draining 
Regressing 
Regressing 
Regressing 


Regressing 

Regressing 

Draining 

Normal 

Regressing 

Regressing 

Regressing 

Draining 

Unchanged 

Regressing 

Regressing 

Regressing 

Unchanged 

Regressing 

Regressing 

Draining 

Draining 

Draining 

Regressing 


Proof of Diagnosis. Absolute 
proof of etiology in this infection 
depends upon the isolation of P. 
tularense from the tissues of the pa- 
tient, or the presence of specific ag- 
glutinins, -VAdth a rising titer, in the 


Ulceroglandular Tularemia. 
Forty-one patients Avith ulcerogland- 
ular tularemia AA'ere treated Avith 
streptomycin. The summaiy of the 
clinical data is contained in Table 1. 
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From the clinical data at our disposal, 
it is obvious that the criteria for discharge 
from the several hospitals varied with the 
individual hospital and with the individual 
patient. Furthermore, from the clinical 
records it is impossible to determine the 
duration of follow-up studies. In general 
it seems clear that the patients were 
afebrile for an appreciable period of time, 
were ambulatory, and were gaining weight, 
before they were discharged. 


completely disappeared at the time of dis- 
charge, and in 8 patients there was notable 
regression. In 2 patients there had been 
definite enlargement of the nodes, and in 
2 patients with discharging buboes drain- 
age was still present at the time of dismis- 
sal from the hospital. 

In 13 patients, treatment was begun 
after the. 24th day of their illness. In 
several of these cases the infection was a 
low-grade chronic process associated with 


Tabi.e 2.— Time Relationship of Streptomycin Treatment to Subsequent Course in 

Ul.CEROGLANDULAB TuLAREMIA 


After beginning treatment 


Days of 
illness 
preceding 

No. of 

Days to 
clinical 

Days 

of 

No. of 
days to 

treatment 

patients 

improvement 

fever 

discharge 

3.12 . . . 

... 10 

1. 00 

3.00 

20.1 

13-24 . . . 

. . . IG 

3.00 

4.35 

21. OG 

24+ . . . 

... 15 

3.83 

5.32 

30.7 


In Table 2 the patients are divided into 
groups on the basis of the duration of 
illness before treatment was instituted. 

In 10 patients, treatment was begun 
between the 3rd and 12th day of illness. 
In several of these cases treatment was 
instituted before serum agglutinins were 
demonstrated, but in each instance the 
history, clinical course, and the physical 
findings were sufficiently suggestive to 
warrant treatment. In every case the 
agglutinins appeared subsequently. Each 
of these 10 patients showed evidence of 
clinical improvement within 24 hours. 
They became afebrile within an average 
of 3 days, and were discharged from the 
hospital in an average of 20.1 days after 
the treatment was instituted. In 7 
patients, lymphadenopathy had com- 
pletely disappeared, while in 3 patients 
there was notable regression of the lymph- 
adenopathy by the time of discharge. 

In 16 patients, treatment was instituted 
between the 13th and 24th dav of illness. 
The average number of days which 
elapsed before notable clinical improve- 
ment was 3. The patients became afebrile, 
on an average of 4.3 days, and were dis- 
charged from the hospital on an average of 
21.1 days after treatment was instituted. 
In 1 patient tlie lymphadenopathy had 


discharging buboes. Clinical improv’^ement 
in this group was not as prompt or as 
impressive as when the infection was 
treated early. For the 7 patients in whom 
the time could be determined, the average 
number of days from the institution of 
treatment to clinical improvement was 
3.8; of the 13 patients 10 exhibited fever. 
The average number of days required for 
the disappearance of fever was 5.3. The 
patients in this group were discharged 
from the hospital on an average of 30,7 
days after treatment was begun. In 7 
cases there was notable regression, and in 
2 patients there was no change in the 
lymphadenopathy. Four patients had dis- 
charging buboes at the time of their dis- 
missal from the hospital, 

Pleuropulmonary Tularemia, Fifteen 
of the group of 56 patients had frank 
pleuropulmonary involvement. All were 
treated with streptomycin. Data regard- 
ing these cases are summarized in Table 3. 

Table 4 indicates the duration of illness 
before treatment was instituted in patients 
with pleuropulmonary involvement, the 
number of days before improvement was 
noted, and the duration of fever and of 
hospitalization after the institution of 
treatment. 

In 4 patients treatment was begun 
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between the 1st and the 12th day of 
illness. The average number of days until 
notable clinical improvement occurred rvas 
1.7. The patients became afebrile, on an 
average, in 3.7 days and were discharged 
from the hospital, on an average, in 24 
days after the beginning of treatment. 


sions as well. The remaining 10 were e.x- 
amples of tularemic pulmonary infection in 
the absence of ulceroglandular lesions and, 
therefore, constituted difficult diagnostic 
problems. The importance of correct etio- 
logic diagnosis in such c^es is emphasized 
by the fact that no deaths occurred in our 


Table 3. — Summary of Clinical Data in 15 Cases of Pleubopulmonart Tularemia 

Treated With Streptomycin 






Average 

After beginning treatment 



Day o! 



maximum 






illness 

Total 

No. of 

temperature 

Days to 

Days 

No, of 


Case 

drug 

dose 

treatment 

before 

clinical 

of 

days to 


No. 

started 

(gm.) 

days 

treatment 

improvement 

fever 

discharge 

Remarks 

42 . 

9 

5.1 

S 

104.3 

2 

6 

16 


43 . 

U 

6.7 

8 

103.4 

1 

2 

24 


44 . 

11 

8.4 

6 

100.5 

3 

3 

33 

Skin rash attributed to drug 

45 . 

. 12 

14.0 

7 

103.0 

1 

4 

23 


46 . 

14 

14.4 

7 

103.0 

1 

3 

31 


47 . 

14 

10.8 

9 

103.0 

1 

5 

14 


48 . 

15 

8.0 

5 

103.0 

1 

11 

45 


49 . 

17 

7.2 

6 

103.4 

1 

2 

31 


SO . 


6.0 

15 

103. G 

1 

15 

48 

Sixth day of treatment pleural 









effusion; i2th day thrombo- 









phlebitis. 

51 . 

. . 23 

21.6 

9 

103.5 

1 

7 

34 

Developed pleural effusion. At 


dbcharge Roentgen ray inter- 
pretation of residual atelec- 
tasis. Condition, good at dis- 


52 . , 

. 24 

21.6 

18 

102.6 

3 

4 

20 

b • 

53 . , 

. 25 

7.0 

7 

102.0 

3 

14 

26 

Antiserum prior to streptomy- 
cin! 8 days later serum sick- 
ness. On streptomycin de- 
veloped a back abscess requir- 
ing drainage. 

54 . 

. 28 

6.4 

8 

101.4 

1 

1 

67 


55 . 

. 34 

13.0 

13 

99.2 

1 

4 

20 


56 . . 

. 71 

7.0 

7 

100.5 

i 

3 

9 



Table 4a — Time REEATiONamB of Streptomycin Treatment to Sobbeq-dent Cotirse in 

Pleoropulmonary Tularemia 


After beginning treatment 


Days of * — — — — “ 

illness Days to Dai’s No. of 

preceding No. of clinical of days to 

treatment patients improvement fever discharge 

0-12 4 1.7 3.7 24.0 

12-24 7 1.3 6.7 31.8 

24-71 4 1.7 5.5 30.5 


In 7 patients treatment was begun 
between the 12th and the 24th day of 
illness. Tlie average number of days until 
notable clinical improvement took place 
was 1.3. They became afebrile in 6.7 days, 
and were discharged from the hospital in 
31.8 days after the beginning of treatment. 

In 4 patients treatment was begun after 
the 24th day of illness. The average 
number of days until notable clinical im- 
provement occurred was 1.7. They be- 
came afebrile in 5.5 days, and were dis- 
charged from the hospital in 30.5 days after 
treatment was begun. 

Five of tbe patients with pleuropulmo- 
nary involvement had ulceroglandular le- 


group of 15 cases exhibiting this manifesta- 
tion of the disease. 

Mortality. Mortality figures in a series 
as small as ours are not statistically valid,’ 
nevertheless it is certainly noteworthy 
that in a group of 56 patients with tular- 
emia there was only 1 death, and in tin's 
case necropsy indicated that tularemia was 
not primarily responsible. An abstract of 
this case follows; 

Case Reports. Case No. 41 . A 51-year 
old trapper was admitted to the hospital 6 
■weeks after developing an ulcer on the left 
index finger followed by left axillarj' aden- 
opathy, which had required drainage. On 
admission there was pain in the right upper 
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quadrant, an enlarged liver, and jaundice. 
Tularemia agglutinations were found to be 
positive in a dilution of 1:320 rising to 
1:640. He was therefore started on 1 gm. 
of streptomycin daily with prompt remission 
of the fever. His course was steadily dovm- 
hill and he died on the 6th day of therapy. 
At autopsy a carcinoma of the pancreas wa.s 
found with metastases to the liver, spleen, 
and peritoneum. 

Over a fourth of our cases wth tularemia 
had pleuropulmonary involvement. After 
carefully reviewing the literature in 1941, 
Blackford and Cassey^ concluded that the 
mortality from the pleuropulmonary form 
of tularemia is approximately 30 %. Every 
one of our 15 cases with this form of the 
disease recovered. 

Suppurative Lymphadenitis. An anal- 
ysis of the records of the 56 patients 
reveals that in 11 cases suppurative lymph- 
adenitis occurred. In 1 case, spontaneous 
drainage occurred before treatment was 
instituted; in 10 it became manifest during 
or after the completion of streptomycin 
treatment. In each instance, the dosage of 
streptomycin and the duration of its ad- 
ministration were adequate to produce 
marked improvement in all of the other 
manifestations of the disease. 

Two of these patients vnth suppurative 
lymphadenitis were of special interest be- 
cause they received 1 gm. of streptomycin 
daily over a period of several days, but 
later developed exacerbations of tlieir dis- 
ease requiring additional therapy. Brief 
summaries are presented: 

Case No. 40. A 25 year old man was 
admitted to the hospital with a firm, tender 
mass in the left cpitrochlear area and another 
in the left axilla. Streptom 3 'cin therapj' was 
begun on the 19th daj- of illne.'JS and con- 
tinued at the rate of 1 gm. dail.v for 9 daj's. 
The epitrochlear node progressed to suppura- 
tion and was aspirated while the axillaiu' 
node regressed verj' slowh'. Two da.vs after 
streptomA-ein was discontinued, there was 
enlargement and increased tenderness of both 
involved nodes. Ten daj's after the first 
course was discontinued, a second course was 
begun in the same dosage .and continued for 
9 da\*s. The induration surroundinc the 
nodes again regressed but the nodes them- 
scl\*cs progressed to suppuration and both 


required drainage 6 days after the second 
course of the drug was completed. 

Case No. 38. A 44 year old man was 
admitted with left inguinal adenopath}’-, one 
node being fluctuant at the time of admis- 
sion. Streptomycin was begun on the 42nd 
day’- of illness at the rate of 1 gm. per day’’, 
and there AA'as prompt remission of his local 
signs and sj^ptoms. Nine da\"s after com- 
pletion of the first course of therapy’’ tender- 
ness, swelling, and induration again became 
apparent, with one node becoming fluctuant. 
On the 18th day after completion of the first 
course, a second course was begun at the 
rate of 1 gm. daily for 7 day's. The fluctuant 
nodes progressed to spontaneous rupture, 
while there rvas prompt regression of the 
remainder of the nodes. 

Our experience indicates that the bubo 
is the most refractory of all tularemic 
lesions to streptomycin treatment. Slow 
resolution of the primary ulcer and of 
pneumonic and pleural reactions have been 
noted and attributed to the granulomatous 
nature of the infection. However, the 
actual progression of lesions of the lymph 
nodes with liquefaction and discharge 
while the patient is under streptomycin 
treatment, or after recovery from systemic 
manifestations of infection and cessation 
of treatment, is unique. The explanation 
of this failure probably' resides in the 
granulomatous nature of the tularemic 
inflammatory' process, the inability' of the 
body' fluids to deliver the streptomy'cin in 
adequate concentration to the interior of 
the inflamed lymph node, and the necrosis 
which may' have taken place before the 
institution of specific therapy. Foshay® 
has suggested that a secondary' infection of 
the lymph node is the responsible factor. 

Toxic Eeactions. Only 3 patients 
developed skin rashes attributable to 
streptomycin. Case No. 15 developed 
urticaria on the 4th day' of streptomycin 
therapy which did not necessitate discon- 
tinuing the drug. Case No. 23 developed a 
slightly rai.aed erythematous rash across 
the shoulders on the 2nd day of therapy. 
The drug was continued for an additional 
7 days during Avhich time the rash was 
treated locally and subsided promptly. 
Case No. 44 developed a pruritic rash on 
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the trunk and extremities on the 3rd day 
of streptomycin therapy. Treatment was 
continued for an additional 2 days and 
then discontinued because of general im- 
provement. The rash lasted in this 
patient for a total of 5 days and then 
cleared -wathout sequelre. 

Immediate Response to Treatment. In 
those patients whose illness pursued a 
stormy course there was invariably prompt 
and dramatic clinical improvement shortly 
after streptomycin was begun. The tem- 
perature usually became normal promptly. 
Commonly, after the beginning of strepto- 
mycin therapy, the induration and tender- 
ness about the involved lymph nodes dis- 
appeared, whether the node itself was 
fluctuant or not. In most instances the 
patient promptly developed a feeling of 
well being which was reflected in disap- 
pearance of “toxicity,” improvement of 
the appetite, and gain in weight. 

Dosage of Streptomycin and Duration 
of Treatment. The total dosage used in 
the 56 cases varied from 1.9 gm. to 20 gm., 
averaging 8.1 gm. There was no difference 
in the dosage used in the ulceroglandular 
and the pleuropulmonary cases. 

The duration of treatment varied from 
4 to 18 daj's, averaging 9.1 days. The 
pleuropulmonary cases were treated an 
average of 2 days longer than the ulcero- 
glandular cases. 

No correlation between the duration of 
treatment and the completeness of re- 
covery can be shown in our study, partly 
because treatment was continued for much 
longer periods in those cases in which 
fluctuant Ijunph nodes were present. 

Brief summaries of 2 cases in which 
streptomj’^cin was administered for short 
periods of time and the patients suffered 
relapses are presented: 

Case No. 16. A 21 year old trapper 
experienced the onset of chills, fever, and 
headache with hanphadenopath}' in the right, 
epitrochlear and axiUan' groups, and a 
characteristic skin lesion on the right index 
finger 6 days after his last known exposure. 
On the 6th day of his illness he was admitted 
to a private hospital and started on strepto- 
mycin, receiring 0.125 gm. eveo’ 3 hours. 


After he had received 16 doses (2 gm.) he 
was free of sjTnptoms. He left the hospital 
and resumed his normal activity. Three 
days later chills, fever, headache, and malaise 
recurred. He was admitted to the same 
hospital and started on the same dosage of 
streptomycin. After he had received a second 
course of 16 doses (2 gm.) he again experi- 
enced marked sj'mptomatic improvement 
and was discharged to return to work. Four 
days later he again experienced chills, fever, 
headache, and axillarj’^ tenderness. At this 
point he was admitted to a Veterans Admin- 
istration Hospital. He was given 1.25 gm. 
of streptom 5 min everj' 24 hours for 6 daj's 
(7.5 gm.) with complete and permanent 
recovery. 

Case No. 19. A 34 j'ear old trapper 
experienced the onset of headache, chills, 
fever, and axillarj' tenderness 4 daj's after 
his last knoum exposure. He had a question- 
able skin lesion on the right hand. On the 
6th da}’- of his illness he was given strepto- 
mycin in a private hospital. He received 
0.125 gm. of streptomycin ever}' 3 hours. 
After he had received 12 doses (1.5 gm.) his 
sj'mptoms had improved so markedly that 
he left the hospital and returned to work. 
Three days later he developed chills, fever, 
axillar}’ -tenderness, and malaise, and was 
admitted to a Veterans Administration Hos- 
pital. He was found to have tender nodes 
in the right axilla and a white blood count 
of 11,600. Agglutinins against P. tularense 
were present in a dilution of 1 : 1280. He was 
given 1.25 gm. of streptomycin daily for 6 
days and promptty recovered. 

That the duration of treatment is per- 
haps as important as the total dose of 
streptomycin is suggested by comparing 
the result in Case No. 36 -with that in 
Cases No. 16 and No. 19. 

Case No. 36. A 51 year old tailor 
experienced the onset of fever, chilly sensa- 
tions, and tender swelling in the left groin 
5 daj’s prior to his admission. EIxamination 
revealed temperature of 103.8, tender lymph- 
adenopathy in the left groin, a white blood 
count of 13,300, serum agglutinins against 
F. tularense in dilution of 1:20, with subse- 
quent rise to 1:4000 on the 26th day of his 
illness. On the 32d day of illness he was 
started on streptom}'cin 0.04 gm. everj’ 3 
honrs continued over a period of 6 days 
(1.92 gm.). There was marked ch'nical 
improvement and he became afebrile on the 
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6tli day of Ws treatment; lymphadenopathy 
disappeared and recover}'- was complete. 

Four of our cases of pleuropulmonary 
tularemia received only 0.4 to 0.8 gm. of 
streptomycin every 24 hours for periods of 
from 5 to 7 days. Three of these patients 
were gravely ill at the time treatment was 
begun. All 4 experienced prompt improve- 
ment and proceeded to complete recovery. 

Summary. The records of 56 patients 
with tularemia treated with streptomycin 
in Veterans Administration Hospitals have 
been reviewed. Of this group, 15 cases 
were examples .of pleuropulmonary tular- 
emia. The pleuropulmonary infection 
occurred as a complication of the ulcero- 
glandular form of the disease in only 5 
cases. In the remaining 10, no primary 
site of infection other than the lung or the 
pleura could be determined. 

The only death which occurred in the 


series was attributed to carcinoma of the 
pancreas. 

Streptomycin, when administered after 
the 12th day of illness, appears to have 
little effect upon the course of suppurative 
lymphadenopathy. Liquefaction and spon- 
taneous drainage of lymph nodes may 
occur under such circumstances, even 
though there is striking improvement in 
the other manifestations of the disease. 

Only 3 patients demonstrated sensitivity 
to streptomycin. In none of these cases 
was it necessary to discontinue the drug. 

Streptomycin was highly effective in the 
treatment of every case of tularemia in 
this series. In the acutely ill patient pur- 
suing a stormy course, its effect was most 
dramatic. 

The dosage and duration of strepto- 
mycin administration varied considerably 
in the cases reviewed. 


Wo wish to express our appreciation for tlic courtesy and cooperation of tlic Managers and Mecb'cal 
Staff of the following Veterans Administration Hospitals for permission to include their cases in this 
review: Whipple, Arizona; Fayetteville, Arkansas; Fargo, North Dakota; Clmmblee, Georgia; Jlines. 
Illinois; Marion, Illinois; Fort Benjamin Harrison, Indiana; Topeka, Kansas; Wadswortli, Kansas’ 
Wichita, Kansas; Minneapolis, Minnesota; Jefferson Barracks, Missouri; Dayton, Ohio; Muskogee' 
Oklahoma; Memphis, Tennessee; Mountain Home, Tennessee; McKinney, Te-xas; Huntington, West 
Virginia; Wood, Wisconsin; Cheyenne, Wyoming; and Siicridan, Wyoming. Dr. Arthur M. Walker 
assisted us in gathering clinical material for study, and Dr. Hugh J. Morgan gave us much valuable 
advice in constructing this report. 
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Prolongation of the effectiveness of a 
given dose of penicillin would be most 
desirable. Attempts to prolong the action 
of the drug have endeavored either to 
hinder the drug from reaching the circu- 
lation by sloisung the absorption from the 
site of its injection, or by retarding the 
rate of its elimination by the renal tubules. 

The use of penicillin suspended in pea- 
nut oil and beeswax has been reasonably 
successful in prolonging therapeutically 
effective concentrations following single 
injections of the drug. A quantity of 
water-soluble salt of penicillin suspended 
in oil and wax constitutes a reservoir from 
which penicillin is slowly given up to the 
body fluids. The beeswax is responsible 
on the one hand for the prolongation of 
blood concentrations of penicillin following 
its injection, and, on the other, the cause 
of most of the disadvantages attendant 
upon its use. Beeswax gives rise to 
allergic manifestations, sterile abscesses, 
and pain following its injection, and, 
although severe reactions are few, the 
occurrence of pain and induration at the 
site of injection is frequent enough to 
prejudice many physicians against its use. 

During the early development of pen- 
icillin, little interest was manifested in 


many of the salts of penicillin bj'" reason 
of their relative insolubility in water and 
attention was focused almost entirely on 
those that were water-soluble. The sus- 
pension of a water-soluble salt of penicillin 
in a milieu of oil and wax has been shown 
to effectively slow the release of penicillin 
from the site of its injection into the cire 
dilation, and the use of large particle sizd 
of penicillin crystals^ has further retarded 
the rate at which penicillin is dissipatei- 
from the oil and wax resen^oir. The possa- 
bility of suspending a penicillin salt, relse 
tively insoluble in water, in an oil phaof 
and thus obtain an even slower release Ij' 
penicillin from the injection site, has one 
recently been investigated.'^ Procain- 
penicfllm is the first of these salts to be 
submitted for clinical evaluation and it is 
the purpose of this paper to report pre- 
liminary obsen’’ations on the use of pro- 
caine penicillin G suspended in oil.* 
jMaterial Used. Procaine and pen- 
icillin G are combined in equimolecular 
quantities to form a crystalline salt rela- 
tively insoluble in water (less than 0.7 % 
at 28° C.). The particle size of the crys- 
tals of this salt is controlled so that at 
least 50% of the crystals are more than 
50 microns in length. The theoretical 


* The authors ■wish to thank Dr. N. P. Sullivan, of Eli Lilly and Company, for kindly Bupplyiug 
procaine penicillin G in oil (Duracillin, Lot No. S169-P 45724 and Lot No. 8044-P45573) for this study 
and for making available preliminarj’ information pertaining to this preparation. 
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potency of this preparation should be 
1040 units per mg., but potency by test 
is 940 units per mg. Not less than 90% 
of the penicillin in this preparation is pen- 
icillin G and approximately 41.5% of the 
weight of this salt of penicillin is procaine. 
About 7000 units of this salt of penicillin 
can be dissolved in 1 cc. of water. 

Procaine penicillin crystals, such as de- 
scribed above, were suspended in both 
cottonseed and sesame oils so that each 
cc. of material contained 300,000 units of 
penicillin and 125 mg. of procaine. Al- 
though both of these preparations were 
employed in this investigation, the latter 
proved to be superior by reason of greater 
stability and fluidity. Whereas the sus- 
pension in cottonseed oil must be injected 
through a No. 18 gauge needle, the sesame 
oil suspension can be injected through a 
No. 21 gauge needle. Since the penicillin 
settles out of either suspension on standing 
idgorous shaking is required to restore the 
homogeneity of the preparation. Slight 
warming facilitates injection of the mate- 
rial through a No. 21 needle. 

Methods Employed. Blood specimens 
for penicillin assays were drawn, with ster- 
ile technique, into citrate solution, trans- 
ferred to graduated centrifuge tubes, cen- 
trifuged and the plasma pipetted off. 
Plasma samples were inmiediately refrig- 
erated and transported to the laboratory 
for assay. Penicillin assays were done by 
a modified Rammelkamp serial dilution 
method, using a Group A hemolytic strep- 
tococcus as the test organism. Correction 
for the dilution factor introduced by the 
use of citrate solution was made in all 
instances. 

Patients Studied. Nine ambulatory 
patients, free of manifest hepatic, cardiac, 
and renal disease, who were afebrile and 
partaking freely of fluids and food, were 
chosen as control patients for this study.* 
Each patient received 1 cc. (300,000 units) 
of procaine penicillin suspended in oil as 
an intramuscular injection into the left 
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buttock. Massage of the injection site 
was avoided. Thereafter, at 1, 6, 12, 24, 
30, 36, 48, 54, 60 and 72 hours respectively, 
blood specimens were drawn for penicillin 
assay. This schedule of sampling was 
adopted in order that bleedings might be 
done at 9 a.m., 3 p.m., and 9 p.m., times 
which interfered least with hospital routine. 

Eleven consecutive patients admitted 
to the hospital with lobar pneumonia, as 
determined by history, physical exami- 
nation, Roentgen ray examination and 
laboratory findings, were treated with 
1 cc. (300,000 units) of procaine penicillin 
administered as a single intramuscular in- 
jection into the left buttock. No addi- 
tional therapy in the form of sulfonamides 
or penicillin was given, until such therapy 
was indicated by an adverse clinical course. 
The blood sampling schedule on these pa- 
tients conformed to that outlined above 
to the extent that specimens were drawn 
at 9 A.M., 3 P.M., and 9 p.m. Since, how- 
ever, patients received the injection of 
procaine penicillin immediately upon en- 
trance to the hospital, the hours at which 
penicillin assaj'^s were done with reference 
to this injection do not conform with those 
of the control group. This program re- 
sulted in obtaining information regarding 
plasma concentrations at intervals not 
studied in the control group. 

The next 12 patients admitted with the 
diagnosis of pneumonia, were given a 
single intramuscular injection of 2 cc. 
(600,000 units) of procaine penicillin into 
the left buttock without massage of the 
site. No additional therapy was given 
until tlie necessity of it was indicated by 
tlie patient’s clinical course. 

Results. Table 1 presents the blood 
concentrations of penicillin following the 
administration of 300,000 units of procaine 
penicillin to 9 control patients. With the 
exception of patient J. B., who showed 
assayable quantities for 30 hours, the pen- 
icillin concentrations fell below 0.039 unit 
per cc. of plasma some time between 12 


* Clinic-il fncllities were given us for tliis study by the following Chiefs of Sen-ice: Drs. Frieda 
B.ium.inn, R. S. Boles, T. M. Durant, H. L. Goldburgh, D. W. Kramer, D. N. Kreiner, W. G. Leaman, 
Jr., T. G. Schnabel, and C. M, Thompson. 
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and 24 hours after the injection. One 
hour after the injection, the penicillin 
plasma concentrations ranged from 0.337 
to 2.73 and thereafter declined rather 
regularly to values lower than could be 
detected by the method of assay used. 


In Table 2 are shown the plasma con-' 
centrations that resulted from the injec- 
tion of 300,000 units of procaine penicillin 
suspended in oil into patients suffering 
from pneumonia. Penicillin -a^as detect- 
able for less than 16 hours, less than 


Table I, 

Plasma Concentrations Following 300,000 Units Procaine Penicillin in Oil 

CONTROL PATIENTS* 


Hours After 

LW 

cw 

JB 

LE 

JM 

WP 

BM 

a 

RW 

Average 

Injection** 

27/M*** 

62 'M 

55/M 

49/M 

18/M 

40/M 

24/M 

3)/M 

15/M 

1 

2.73 

1.97 

0.337 

2.05 

1.36 

0.908 

0.908 

1.81 

1.81 

1.54 

6 

0.678 

1.39 

0.690 

1.33 

0.452 

0.451 

0.908 

0.228 

0.453 

0.729 

12 

0.043 

0.043 

0.341 

o 

0.113 

0.042 

0.084 

0.057 

0.042 

0.0873 


♦ ♦♦♦ 










24 

o 

o 

0.085 

0 

o 

o 

o 

o 

o 

o 

30 

o 

0 

0.042 

o 

o 

o 

o 

o 

o 

o 

36 

o 

o 

o 

o 

o 

o 

o 

o 

o 

0 

48 

o 

0 

o 

o 

o 

o 

o 

o 

0 

o 

54 

0 


0 

0 

o 

o 

o 

o 

o 

0 

60 

0 

° 

o 

o 

o 

o 

o 

o 

0 

0 

72 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 


♦All of fhese pafi«nfs were ombgfofory. 

♦♦injecfion was mode rogttnei/ Into left buttock without massage of the site> 
♦♦♦Age/Sex. 

♦♦♦♦Concenfrcrfions less than 0,039 unifs/cc. have beert regorded os lero. 


Table II. 

Plasma Concenirafion FoKowing 300,000 Units Procaine Penicillin in Oil 
PNEUMONIA PATIENTS 


Hoorj 

MK* : 
33/F** 

Hour* 

EF 

39, F 

Hours 

LH 

22/F 

Houn 

LR 

19 M 

Hours 

WL 

37/M 

Hour 

AC 

43/M 

Hour) 

FW 

35/M 

Houn 

69'M 

Hour 

tm 
77 'F 

Hour 

1 

I IJ 

69. M 

1 

272 

1 

0.34 

9 

0.338 

16 

o 

n 

0.680 

20 

0,453 

12 

0.683 

13 

0.340 

10 

0.34 

4 

1.82 

7 

0J42 

6 i 

0.244 1 

21 

0.043 

22 

o 

17 

0.340 

26 

0.228 

18 

0.225 

19 

0.227 

16 

0.341 

16 

0.113 







i 














19 

o 

18 

0.113 

27 

0 

28 

o 

23 

0.227 

32 

0.171 

24 

0.227 

24 

0.170 

21 

0.34 

22 

0.058 

25 

o 

24 

|o.U3 

33 

O 

[ 

40 

” ! 

35 

0.113 

44 

0.057 

36 

0.056 

36 

o 

34 1 

i0.17 

28 

0.057 

31 


30 

! 0.057 

45 

1 

i o 

46 

; i 

! o 

41 

0.056 

50 

o 

42 

o 

43 

a 

40 1 

0.114 

40 : 

1 

o 

43 

o 

42 

j o 

51 

o 

52 

o 

47 ! 
1 

o 

55 

o 

57 

o 

49 

o 

! j 

0.134 

46 1 

o 

49 

e 

48 

o 

57 

i 

e 

64 { 

o 

59 j 

o 

68 

o 

60 

o 

61 

o 

5s| 

0p57 

‘ 52 1 

o 

54 

o 

54 

i 

o 

69 

o 

70 j 

o 

65 i 

o 

74 

o 

1 

66 

o 

67 

D 

( 

64 . 

0.113 

64 

o 

67 \ 

o 

65 

o 

76 

o 

: 76 1 

o 

70 1 

o 



72 

o 

73 j 

O 

70 ! 

0.113 

70 

o 

73 

1 

o 

1 72 i 

I 

o 



1 
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i 


i 
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19 hours, and slightly more than 21 hours showed penicillin concentrations above 
in patients L. R., M. K., and L. H. re- 0.039 unit per cc. for periods varjdng 
spectively. The remaining 7 patients from 24 to 70 hours. 

PNEUMONIA PATIENTS 
Trvoted with Single Inframutcufor Iniecllon of 300,000 l/nifc Procaine Peniciliin in Oil 









Chart 1 


PNEUMONIA PATIENTS 

Treoted with Single Intramuscular Injection of 600,000 Units Procoine Penicilim in Oil 









NOI«*l TI*.» J 
rot )ti ) 



Chart 2 
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Temperature is one objective criterion 
by which to judge the response of pneu- 
monia to treatment. In Chart 1 are pre- 
sented the temperature records of pneu- 
monia patients treated with a single in- 
jection of 300,000 units of procaine pen- 
icillin suspended in oil. All of these 
patients responded with a fall in tempera- 
ture and commensurate clinical improve- 
ment and 8 patients went on to complete 
recovery without further treatment. One 
patient, R. B., recovered without addi- 
tional therapy but the response w'as un- 
satisfactory and 2 patients, I. J. and 
J. H., relapsed and required supplemen- 
tary penicillin therapy. 

Chart 2 shows the temperature cuiwes 
of 12 patients, each of whom received a 
single intramuscular injection of 600,000 
units of procaine penicillin. Eight pa- 
tients responded satisfactorily without ad- 
ditional therapy. A single patient did 
not respond to treatment but the fever 
fell by lysis after secondary procaine pen- 
icillin treatment (F. J.). Twm patients 
responded but had return of fever which 
occasioned second injections of procaine 
penicillin (C. M. and L. T.), and 1 patient 
(SV. W.) frankly relapsed after 8 daj'S 
but responded promptly to routine pen- 
icillin therapy, 37,500 units intramuscu- 
larly every 3 hours. 

Discussion. Procaine penicillin in oil, 
administered intramuscularly into the 
buttocks of 9 ambulatory and afebrile 
subjects, resulted in penicillin plasma 
concentrations above 0.039 unit per cc. 
for longer than 12 hours in all but 
1 patient (L. E.). This patient and 
one who showed assayable concentra- 
tions for 30 hours (J. B. ) represent 
the widest variations in this group. 
In 10 pneumonia patients, 1 of whom was 
later shown to have tuberculosis as well, 
plasma pera’cillin concentrations above 
0.039 unit per cc. were observed for peri- 
ods varying between 7 to 70 hours. It 
is suggested that the patients in the con- 
trol group were ambulatoiw' and well- 
iiydrated and that this circumstance 


favored the more rapid elimination of 
penicillin from the reservoir at the site 
of injection. On the other hand, the 
acute illness of the pneumonia patients 
undoubtedly contributed to the prolonga- 
tion of detectable pem'citlin levels in the 
blood. Variability in both the duration 
and the height of penicillin concentrations 
following the injections of penicillin in 
beeswax and peanut oil has been preri- 
ously observed and related to actirity.* 
The long duration of significant concen- 
trations in the case of patient T. M. (age 
77 years) is almost certainly related to 
renal impairment due to age.^ 

Although the group of patients here 
reported is small, it is of interest to ob- 
ser\'e that the duration of levels of pen- 
icillin above 0,039 unit per cc. for longer 
than 12 hours in the control group com- 
pares favorablj' with results that have 
been obtained with penicillin suspended 
in beeswa.x and oil at the same level of 
dosage. Kirbj' and his associates® found 
that following administration of 300,000 
units of penicillin in beeswa.x and oil they 
failed to demonstrate penicillin in the 
plasma beyond 12 hours in 37 of 54 pa- 
tients (69%). The prolongation of sig- 
m'ficant levels in the group of pneumonia 
patients is certainly equal to that reported 
for penicillin suspended in beeswax and 
oiJ.^'" 

The duration of penicillin in the blood 
is not the only consideration, however, 
and if the prolonging effect of procaine 
penicillin suspended in oil proves equal to 
that of penicillin suspended in peanut oil 
and beeswax, the factor of pain incident 
to the injections may prove to be the 
more important. Although severe allergic 
manifestations and actual abscess forma- 
tion are relatively uncommon, pain and 
discomfort are %'ery common following use 
of the beeswax preparation,® particularly 
when repeated doses are administered.® 
The freedom from pain at the site of in- 
jection and the lack of systemic toxicity 
in a group of 50 patients has been gratify- 
ing. A single patient, liaring a history of 
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food allergy, developed urticaria the day 
following the single injection. It has not 
been determined whether the procaine in 
combination with penicillin still exerts its 
anesthetic action, but this is being in- 
vestigated. 

In this connection it should be observed 
that the presence of significant amounts 
of procaine in procaine penicillin, 125 mg. 
per 300,000 units of penicillin, suggests 
the possibility of either aggravating a 
previously existent sensitivity or estab- 
lishing a procaine sensitivity. Conclusions 
on this point must await extensive clinical 
usage of the material. 

In this preliminary investigation of 
the use of procaine penicillin suspended in 
oil in the treatment of pneumonia, no 
effort was made to establish a single injec- 
tion of the material as the routine therapy 
of pneumonia, but rather to investigate 
the duration of activity of a single large 
dose of penicillin by measuring penicillin 
in the blood down to a level which is 
accepted as having therapeutic significance 
with regard to the organisms ordinarily 
associated with bacterial pneumonia, and 
also by determining the actual duration 
of antibacterial effect or suppressive effect 
upon an acute infection amenable to pen- 
icillin therapy, bacterial pneumonia. 

Attention has already been called to 
the penicillin plasma concentrations in 
Table 2, but it is of interest to correlate 
these concentrations with the temperature 
curves in Chart 1. In no instance was 
there a recrudescence of fever while a 
level of penicillin above 0.039 unit per cc. 
was being maintained (patients W. L., 
F. W., L. R., L. H., E. F., T. M., I. J., 
J. H. and A. C.). The abrupt rise in 
temperature of I. J. suggests, therefore, 
the termination of the suppressive anti- 
bacterial action of the preAuously admin- 
istered penicillin. Patients A. C. and 
J. H. show rises of temperature almost 
immediately after assayable quantities of 
penicillin disappeared from the blood, but 
in the first case the patient’s immunologic 
defenses permitted recovery without ad- 


ditional therapy, whereas this was required 
in the second case. Penicillin assays were 
not done on the group of patients who 
received 600,000 units of penicillin as a 
single intramuscular injection, but on the 
basis of the correlation shown above be- 
tween disappearance of penicillin from the 
plasma and recrudescence of fever, the 
recurrence of temperature (Chart 2) in 
patients G. U,, C. M. and L. T. on the 
3rd day after treatment is highlj'^ sugges- 
tive that the antibacterial effect of pen- 
icillin had run its course. On the basis of 
both penicillin assays in the blood and 
therapeutic response of bacterial pneu- 
monias to a single injection of 300,000 and 

600.000 units of procaine penicillin respec- 
tively, it is implied that an average 
period of therapeutic efficacy is 24 to 
48 hours. Investigations with intramus- 
cular injections of procaine penicillin at 
intervals of 24 and 48 hours are in progress 
and will be the subject of another com- 
munication. 

Summary and Conclusions. 1. No local 
pain or systemic toxicity have been ob- 
served in 50 patients to whom procaine 
penicillin G has been administered. 

2. The duration of penicillin plasma 
concentrations above 0.039 unit per cc, 
varied from 6 to 30 hours in a group of 9 
ambulatory control patients. In a group 
of 10 pneumonia patients it varied from 
7 to 70 hours. The averages in the 2 
groups were 12 hours and 33 hours 
respectively. 

3. Eighteen of 23 patients suffering 
from bacterial pneumonia recovered with- 
out complication following a single intra- 
muscular injection of procaine penicillin G 
in oil, ISvo patients relapsed under this 
therapy and 3 failed to respond. 

4. On the basis of these preliminary 
data, it appears that a single injection of 

300.000 units of procaine penicillin will, 
in the average patient, gi\'e assayable 
plasma concentrations of penicillin, or a 
suppressive antibacterial action, for at 
east 24 hours. 
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MYOCARDIAL CHANGES IN FATAL DIPHTHERIA 


A Summary of Observations in 221 cases 
By Ira Gore, M.D. 

PATHOI/OGIST 
WASHINGTON, D. C. 


(From the Veteran’s Administration, Central Laboratory, Army Institute of Pathology) 


Despite the continuous downward 
trend of the incidence of diphtheria in the 
United States since the practice of im- 
munization became widespread, the disease 
has not been conquered. Edsall® pointed 
out that the tremendously decreased 
carrier rate in artificially immunized com- 
munities has been associated with a rising 
incidence of susceptibility as indicated by 
the Schick test. Furthermore, the reduced 


the peak appears to have been passed in 
many of these countries, even the most 
recent figures are considerably above the 
prewar annual median incidence. Liebow 
and Bumstead^® have traced localized out- 
breaks in U. S. Army General Hospitals to 
the introduction into the wards of un- 
recognized cutaneous diphtheria. A recent 
report*^ noted a significantly greater 
number of cases of diphtheria during 1946 


Table 1 

A. Cases of Diphtheria Reported in European Countries* 


Number of caees reported annually 


Country 

Pre*war 
annual median 

1943 

1944 

1945 ' 

Belgium .... 

2,089 

16,072 

6,296 

5,808 

France .... 

19,389 

' 46,539 

40,430 

37,262 

Germany .... 

78,452 

241,609 

207,392 

. 

Netherlands . 

3,967 

56,825 

60,226 

78,098 

Norway .... 

968 

22,787 

13,547 

7,466 

Sweden .... 

1,484 

2,496 

6,040 

4,615 

B. Annual Incidence of Diphtheria Among U. S. 

Troops (Per 100,000)^ 

S’ 


1942t 

1943 

1944 

1945 

Total Army 

3.76 

9.72 

21.44 

53.81 

Troops within the U. S. 

2.52 

3.54 

6.83 

15.66 

Troops outside U. S. 

9.39 

30.01 

38.20 

81.19 


(Figures from Medical Statistics Division, S. G. 0.) 




* Complete data not available. Compiled from figures in References 2 and 3, UNRRA Epidemiological 
Information Bulletins, Vols. 1 and 2, 1946, 1946, and Public Health Reports Vol. 61, No. 7, 2-15-46. 
t All rates shown are preliminarjL 

t The rates shown for the year 1942 are based on sample tabulations of individual medical records, 
while those for the last 3 years are based on the Weekly Statistical Health Report, which source probably 
overstates the actual incidence. 


e.xposure to diphtheria bacilli ndth the con- 
current loss of its stimulating effect has 
contributed to the more rapid waning of 
artificially induced immunity.® Such cir- 
cumstances set the stage for a wide- 
spread reappearance of the disease should 
the virulent organisms be introduced into 
the population. Considering the present 
incidence of diphtheria in se^•e^al of the 
European countries-® (Table 1, A) the 
possibility is far from Jemote. Though 


in both New York City and New York 
State than during similar periods of 1945. 
The introduction of large numbers of U. S. 
troops into areas ivhere the endemic 
diphtheria rate ivas high resulted in a 
striking increase of the incidence of that 
disease among them (Table 1, B). The 
situation among occupying troops has not 
changed since the end of the conflict.® 
Though no studies have been reported, it 
is highly probable that the number of 
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carriers among returned military person- 
nel is greater than among the general 
populace. 

In view of these developments and their 
ominous potentialities it is thought ap- 
propriate and timely to report a study of 
that sequela of diphtheria which is most 
often lethal, myocarditis. During a more 
inclusive revdew of the subject of myo- 
carditis^® a large number of cases were 
found to be associated •with diphtheria. 
The present study is based on a review of 
the autopsy records and slides of 221 
fatal cases of diphtheria accumulated at 
the Army Institute of Pathology. Material 
from the heart was available for review in 
205 of these. The presence or absence of 
myocardial disease was determined in 
each case from the few routinely taken 
sections of the myocardium. In many in- 
stances fat stains, Gram stains, or Giemsa 
stains of involved heart muscle were 
prepared. For reasons which will become 
apparent in the text it was also considered 
important to ascertain the presence or 
absence of peripheral neuritis. The latter 
was determined solely from the clinical 
records because the available material 
was inadequate for pathologic study. 
Though there is a disparity in the method 
of diagnosis, the clinical report of neuritis 
is regarded as a sensitive and reliable 
index of its presence since it is a common 
experience for pathologists to find a 
paucity of morphologic changes in nerves 
to explain rather striking sj-mptoms of 
nerve injury. The number of instances of 
myocarditis and peripheral neuritis en- 
countered is listed in Table 2. 


Table 2.— SEQOELiB Excoux-XEnED ix 205 
Fatal Cases of Diphtheria 



Cases 

% 

Myocarditis alone .... 

. 09 

48. 3 

Myocarditis with neuritis* 

44 

21.5 

Neuritis* alone 

6 

2V 

No sequcIiB 

. 56 

27.3 

Total 

. 205 

100 0 


* The pre'once or absence of neuritis was 
determineri f-olcly from the clinical records, 
wltere.Ts the di.icno=ij of royoc.arditis w.as based 
on the pathologic findings. 


Age. The age distribution of the 
patients of this series is listed in Table 3. 
Exclusive of those younger than 18, it 
was found that 51 % of the series was made 
up of individuals of under 25 years of age, 
a group constituting 43% of the Army, 
which was the source of the bulk of this 
material. The greater susceptibility of 
younger persons to diphtheria has long 
been recognized. However, Geiger® has 
commented upon a noticeable shift in 
incidence from early age groups to those 
of 30 years and over; an observation easily 
explained by the conditions discussed in 
the introductory paragraphs. 

Table 3. — Age Disthibetiox of Patients With 
Fatal Diphtheria 


Aec group 

Cases 

% 

0-9 

... 22 

10.8 

10-19 

... 31 

15 3 

20-29 

... 95 

46.8 

30-39 

... 48 

23.6 

40 and over 

... 7 

3.4 

Unknown . . . . 

... 18 

•• 

Total .... 

... 221 

100.0 


Cofor. There was no significant dif- 
ference between diphtheria rates for white 
and Negro as far as can be determined 
from the fatal cases studied. Seventeen, 
(7.2%) of the patients were non-white, 
a figure comparable to the proportion 
(approximatel 5 ’’ 10%) in the whole army. 

Sex. The number of women was far 
too few to permit analysis of possible sex 
differences. 

Clinical Observations, Duration of Ill- 
ness. The reported duration of illness 
varied from 1 to 182 days and is sum- 
marized in Table 4. Three-fourths of the 
deaths occurred from 6 to 24 days after 
the onset of diphtheria. The incidence of 


Table 4.— Le.vgth of Illness i.n 221 Cases of 
Fatal Diphthebia 


Days 
0-1 . . 
2-5 . . 

6-12 . 
13-24 
25-45 
46-75 
Over 75 . 
Unknown 


Pofients 

% 

5 

2 8 

27 

15 2 

59 

33 1 

48 

27 0 

18 

10 1 

18 

10 1 

3 

1 7 

43 



221 - 100 0 


Total 
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both myocarditis and neuritis rose pro- 
gressively with the duration of illness be- 
fore death, a relation shown graphically 
in Chart 1. Age had no apparent relation 
to the development of either sequela. 
Myocarditis was present in 70% of the 
patients who died between the 6th and 
24th day, the average duration of illness 
in these individuals being 14 days. Per- 
ipheral neuritis, on the other hand, ap- 
peared to develop somewhat later, gener- 
ally between the 13th and 45th days, the 
average duration of illness before its onset 
(among patients in whom symptoms of 
this condition were reported to have ap- 
peared before death) being about 20 days. 

Table 5.— Manifestations of Cardiac Dys- 
function IN 143 Fatal Cases of 
Diphtheritic Myocarditis 



Patients 

% 

Shook* .... ... 

74 

51 4 

Cyanosis ... . . 

56 

38 9 

Congestive failuref 

49 

34 0 

Tachycardia 

47 

32 6 

Dyspnea 

32 

22 2 

Substornal pain or oppression 

16 

11 1 

Arrhythmia 

11 

7 6 

Orthopnea 

4 

2 8 

None 

9 

6 2 

* Includes hypotension, weak 

thready 

pulse, 


and impel ccptiblo lieart action. 

t Includes venous distension, pulmonary edema, 
hydrothoiax, and painful, swollen liver. 

Cardiac Manifestations. Signs and 
symptoms (Table 5) indicative of seriously 
impaired heart function were present in 
most of the patients studied, but in a large 
proportion the presence of myocarditis 
had not been suspected before death. In 
many instances, however, the brevity of 
the interval between the cardiac mani- 
festations and death precluded such 
recognition. Furthermore, in one-third 
of the patients the local lesion had resolved 
and the fever had subsided for a varying 
interval prior to the onset of cardiac 
dysfunction. In Chart 2 this latent period 
has been designated as the “deceptive 
interval of apparent improvement.” 
Electrocardiograms were made on 52 
patients (presumably because of the 
presence of cardiac symptoms) and ab- 
normalities were present in all of them 
(Table 6). 


Table 6. — Electrocardiographic Abnormal- 
ities IN 52 Patients With Diphtheritic 


Myocarditis 

Delayed conduction . .... 19 

Other conduction disturbances . . . 14 

"Myocardial damage” . . 18 

Extrasystoles . 4 

Ventricular tachycardia . . 4 

Tachycardia (type unspecified) ... 2 

Abnormality not specified 9 


Neuritis. Neuritis, symptoms of which 
were reported for 50 patients, involved the 
cranial nerves first and most frequently. 
The manifestations included difficulty in 
swallowing, regurgitation of food, nasal 
voice, interference with phonation, and 
visual disturbances. Evidence of involve- 
ment of the nerves to the extremities as 
indicated by pain, weakness, absent re- 
flexes, or paresis was observed in 26 
patients. In no instance were the nerves 
to the limbs affected in the absence of 
cranial nerve damage. Among the patients 
with neuritis, those djdng between the 
6th and 29th day of illness had neuro- 
logic manifestations largely limited to the 
cranial nerves. Patients surviving beyond 
24 days included most of those mth 
clinical e\ddence of involvement of the 
nerves to the arms or legs. Therefore, 
both from the number of cases and the 
duration of illness among them, it would 
seem that cranial nerves are more suscept- 
ible than peripheral nerves. 

Complications. Pneumonia, usually of 
the patchy variety, was by far the most 
frequent complicating illness. It was 
present in 50% of the patients who died 
within 5 days of the onset of diphtheria, 
and in 86 % of those who lived longer than 
45 days. Altogether pneumonia occurred 
in 134 of the 221 fatal cases. The pneu- 
monic process was associated vdth peri- 
carditis in 5 patients and bacteremia in 4; 
in a single instance it was associated vdth 
Ludwig’s angina. 

Pathologic Alterations In the Heart. 
Gross Observations. Although many of the 
autopsies were done under wartime field 
conditions by men without special patho- 
logic training, gross cardiac abnormalities 
were reported in 71 % of the cases. Dilata- 
tion of the chambers, fiaccidity, pallor, 
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and “strealdness” of the myocardium, 
noted singly or in combination, were the 
changes most frequently reported. In a 
few cases of prolonged illness small focal 
areas of scarring were observed. Oc- 
casionally, small mural thrombi were 
found in the left ventricle. Relating these 
gross features with the microscopic find- 
ings described below revealed a direct 
correlation between them; when the latter 
indicated severe involvement, gross ab- 


normalities were almost invariably re- 
ported (Table 7). 

Table 7 . — Gross Cardiac Abnormality in 
Relation to Estimated Decree op 
Myocarditis 


Number % 


Myocarditis 

of 

patienta 

showing 

abnormalR 

Absent 

. . 59 

50. S 

Slight .... 

. . 17 

58. S 

Moderate 

. . 85 

84.7 

Severe 

. . 34 

97.1 

Total 

. . 195 



TOTAL HUMBER OF CASES 

AERCENT S 27 53 48 18 18 3 



Chart 1. — The relation of myocarditis and peripheral neuritis to the duration of fatal dipthorin. 
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Heart Weight. The weight of the heart 
was found to be increased in some cases 
in the absence of a history of hypertension, 
kidney disease, heart disease, heart valvu- 
lar lesion, or other condition known to be 
associated with myocardial hypertrophy. 
Sufficient data were available in 134 cases 
to utilize the tables of Smith^® as a criterion 
of such an increase (Table 8). Increased 
heart weight was present in more than 
one-half of the 93 patients rvith myo- 
carditis. More impressively, 86% of the 
enlarged hearts were the seat of myo- 
carditis and, as is evident in the table, the 
severity of that process seemed to bear 
a direct relation to the degree of cardiac 
enlargement as well as to its presence. 

Table 8.— Degree of Myocarditis in Relation 
TO Mean Excess of Heart Weight Over 
Normal* 


Degree of 

Number 

of 

Mean excess 
of heart weight 

myocarditis 

cases 

(gms.) 

None . . . . 

. . 24 

32 

Slight . . , . 

. . 7 

52 

Moderate . 

. . 46 

84 

Severe . . . . 

. . 17 

104 


* Heart weight computed in relation to body 
weight in accordance with tables of H. L. Smith, 
American Heart Journal, Vol. 4, 1928. 


Microscopic Observations. As has been 
already intimated, the extent of the myo- 
cardial changes varied considerably from 
severe involvement tvith large and multiple 
areas of muscle damage to mild changes 
with onlj'^ occasional small foci of involve- 
ment. In all cases, however, the qualita- 
tive changes were identical. Organisms 
were not demonstrable microscopicallj’^ in 
any of the involved hearts. The sequential 
changes in the myocardial lesion from the 
onset of diphtheria to the fatal outcome 
are characteristic, and by studying them 
one may make a fair estimate of the 
duration of illness. When death occurs 
early in the course of the disease, changes 
are inconspicuous, consisting of mild 
interstitial edema and cloudy sAvelling of 
the muscle fibers. The cells of the inter- 
stitium are hyperplastic and plump but 
not increased in number, and there is no 
inflammatory cellular infiltrate. 

If the disease has gone on for a week. 


fairly conspicuous lesions of the cardiac 
muscle become apparent. Diffusely scat- 
tered foci of hj’^aline and granular degener- 
ation involve segments of the muscle 
fibers which frequently are attenuated, 
severely fragmented, or ruptured. A 
mild, stromal inflammatory response is 
often observed intrafascicularly adjacent 
to injured muscle, but the large inter- 
fascicular stromal septa are relatively 
unaffected. The cellular reaction is be- 
lieved to be in the nature of a reparative 
response, since it takes place only in the 
presence of damaged muscle, whereas 
muscle damage may occur without signifi- 
cantly increased stromal cellularity. The 
infiltrate consists largely of histiocytic 
cells, many of which have the character- 
istics of the so-called “myocyte” of 
Anitsclikow,'^ indicating that they have 
arisen in situ. A small number of lympho- 
cytes and plasma cells are present; poly- 
morphonuclear leukocytes, eosinophils, 
mast cells, and others are even more 
infrequent and seem not to play an 
essential r61e in the process. The muscle 
lesion, as has been reported by other 
observers,® involves especially the inner 
portion of the myocardium and the 
papillary muscles. There is no apparent 
predilection for any particular one of the 
heart chambers, nor does the conduction 
bundle appear to be more or less suscept- 
ible than other portions of the muscula- 
ture. 

During the second week, plasma cells 
and lymphocytes become more numerous 
although the histiocyte remains the pre- 
dominant cell type (Fig. 1). Hyaline and 
granular degeneration is still extensive, 
with the addition of small foci in which 
muscle fibers have disappeared, leaving a 
loose stromal net, moderately infiltrated 
nnth macrophages and small round cells. 
A few macrophages contain brown, granu- 
lar pigment. 

Myolysis, disintegration, or “dropping 
out” of the degenerated muscle fibers be- 
comes conspicuous during the third 
week. Grossly, the myocardium appears 
“streaky,” and microscopically the heart 
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appears “moth-eaten” because of the 
irregular foci of parenchymal loss. In 
such foci there is little more than the pre- 
existent stroma riith h 3 "perplastic cells 
containing an infiltrate of histiocj'-tes, 
plasma cells, and lymphocj'tes. Areas of 


muscle loss, show marked hyperplasia and 
abortive regeneration (Fig. 2). If such an 
area happens to be immediately adjacent 
to the endocardium, the alterations in that 
layer may lead to the formation of a 
mural thrombus.®”-^* 



Fig. 1.— AIP Aoo. 136990— heart muscle 11 days after the onset of diphtheria. The degenerated 
fibers have lost their form and are represented bj’ granular amorphous material. The cellular inflam- 
matory reaction is scant at this stage. (Neg. 93109 X 230.) 



Fig. 2.— .AIP .Acc. 152152— after 19 days, the necrotic muscle fibers have been de.stroyed leaving 
a loose stromal net. The inflammatory cellular infiltrate consists principally of large mononuclear 
cells, lymphocytes and plasma cells. (Neg. 93107 X 230.) 


hj’aline degeneration are much less prom- 
inent than at earlier stages. the end 
of the third week the residual muscle 
fibers, especiallv' those bordering areas of 


After the third week there is progressive 
fibrosis replacing the lost muscle. Adja- 
cent to these areas of scarring, myo- 
fifariliar ht'pertrophy ami nuclear enlarge- 
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ment, distortion, and hyperchromatism many of these there are neurologic sequelae 
are striking (Figs. 3 and 4). The cellular which contribute to the fatal outcome, 
infiltrate steadily decreases 'without any Fatty degeneration of the myocardium, 
change in its differential pattern. Focal present in more than half of the 60 cases 

hyaline degeneration becomes increasingly studied for this feature by Councilman, 



Fig. 3. — AIP Aco. 143672 — after 35 days the muscle lesion in the heart shows early fibrosis. A few 
deeply staining, necrotic fibers may still be seen. (Neg. 93106 X 160.) 



Fig. 4.— AJP Acc. 140532— fibrosis is complete on the 55th day. Note Hie large, deeply staining 
bizarre nuclei of muscle fibers bordering the fibrous areas. (Neg. 93105 X 160.) 

rare; however, it was stiU noticeable in INIallory, and Pearce,® was also an in- 
one case in which death was delayed for constant finding in Warthin’s" series and 
5 weeks. As would be e.xpected, the in this study. In many cases large num- 
amount of myocardial damage is less in bers of tiny fat droplets are found in 
instances of prolonged sur^•ival, but in muscle fibers tvhich routine stains show to 
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have degenerated. In an occasional in- 
stance, particularly if death occurs early, 
fat stains delineate foci of degeneration 
not apparent in routinely stained sections. 

Morphologic changes were not seen in 
the cardiac nerves included in the sections 
of myocardium studied. 

In brief, it can be said that diphtheritic 
infection produces a %’^ar^ang degree of 
parenchymal damage, manifested as seg- 
mental hyaline, granular and fatty de- 
generation of the muscle fibers. The 
secondary inflammatory response of the 
stroma appears at first to consist largely 
of locally developed histiocytes, but it 
is soon augmented bj^ an influx of plasma 
cells and lymphocytes. Degenerated 
muscle is destroyed, leaving gaps and 
defects in the myocardium, which, if the 
length of surrival permits, heal by fibrosis. 
The muscle shows only abortive regenera- 
tion. Statements by Anitschkow, Heller, 
and Warthin” to the effect that there is 
true muscle degeneration were based 
on Anitschkow’s belief in the myogenic 
function of the "myocyte,” a cell now 
generally regarded as having a lustiocytic 
function. 

Discussion. The figures from clinical 
studies show a much lower incidence of 
myocarditis than was found in this post- 
mortem study. Hoyne and Welford“ 
reported 496 complicated b.y myocarditis 
among 4671 (10-6%) consecutive cases of 
diphtheria. Kay and Livingood*- found 
7 among 141 (5%) cases of cutaneous 
diphtheria. The electrocardiograph en- 
abled Burkhardt et aL- to find myo- 
carditis more frequently, since thej' re- 
ported abnormalities in 28 of 140 (20%) 
consecutive cases of diphtheria. It may 
be inferred that other methods of clinical 
diagnosis were less sensitive and were not 
as accurate a gauge of the true incidence 
of myocarditis. The presence of abnor- 
malities in each of the cases of this series 
for which electrocardiograms were made 
is indicative only of a high degree of 
selectivity in choosing tiie patients to be 
tested. Such a perfect correlation could 
not have been expected had electrocardio- 


grams been taken in all cases in the series. 
Demonstrable myocardial damage in each 
of these hearts, nevertheless, is eridence 
of the value of electrocardiographic studies. 
Hoyne and Welford^^ found a mortality of 
62% in the presence of myocarditis in 
their series, a figure more than five times 
the 11.6% overall fatalitj' rate in their 
4671 consecutive cases of diphtheria. 
Such a selective mortality serves to e.xplain 
why mjmearditis is found more frequently 
in post-mortem than in clinical studies. 

The modem concept of the pathogenesis 
of the heart lesion in diphtheria stems from 
Loeffler’s report (1884) that the organism 
does not extend beyond the local lesion. 
A few years later, Roux and Yersin 
isolated the to.xin which produces the 
remote tissue changes. The lesions pro- 
duced experimentally, as well as those 
observed in autopsies of human diph- 
theria, support the statement of Topley 
and Wilson:® "There can be little doubt 
that the direct action of diphtheria toxin 
on the heart muscle is one of the most 
important causes of death.” The toxin 
which is quickly absorbed into the blood 
rapidly becomes fixed by the tissues, form- 
ing a combination which is not broken by 
the administration of antitoxin.’® Both 
functional and morphologic cardiac effects 
appear early.® These characteristics pro- 
vide the logical foundation for the univers- 
ally accepted principle of administering 
antitoxin promptly and in adequate dos- 
age. In this series 132 patients had 
received diphtheria antitoxin but the 
available data are inadequate for an 
analysis of the efficacy of early administra- 
tion of antito.xin, and, in any case, this 
point has been so well substantiated in 
the past that further corroboration is 
superfluous. Since it has been reported 
that sulfonamide,® senim,^ or other drug’-® 
sensitivities are capable at times of pro- 
ducing demonstrable myocardial changes, 
it is interesting that neither the severity, 
incidence, nor character of the myocarditis 
was altered by penicillin (98 cases), 
sulfonamides (86 cases), or serum reactions 
(9 cases). Though these agents would 
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have no antitoxic value, neither was there 
evidence that they contributed to the 
cardiopathic action of diphtheria toxin. 

Neuropathic effects are also a well 
known sequel of diphtheritic infection. 
The clinical manifestations are so striking 
that at one time, as reported in Warthin’s^^ 
review, myocardial damage was regarded 
as secondary to primary nerve injury. 
Though this concept has been largelj"^ 
abandoned, its occasional resurrection 
is sufficient reason for comparing myo- 
cardial and neuritic effects among the 
patients of this series. It is to be noted 
that the numerical and chronologic dif- 
ferences between diphtheritic myocarditis 
and neuritis depicted in Chart 1 are in- 
compatible with any hypothesis which 
ascribes morphologic cardiac changes to 
the nerve injury. Furthermore, other con- 
ditions which at times affect the nerves 
supplying the heart do not duplicate the 
myocardial changes observed in diph- 
theria. Among silch conditions are polio- 
myelitis, the Guillain-BaiT^ syndrome and 
a variety of tumors arising from, or 
metastasizing in, the region extending 
from the base of the skull to the upper 
mediastinum. It seems reasonable to con- 
clude that the mjmcarditis and neuritis 
occurring in diphtheria are not causally 
related to each other. 

Although the myocardial changes have 
been frequently referred to as myocarditis 
in this report, it should be pointed out 
that the various authors'® do not regard 
a primarily parenchymatous lesion as a 
true inflammation. However, since in- 
flammation is a biologic response to 
injury, it seems too fine a distinction to 
segregate conditions in which injury is 
morphologically e\ddent from those mth 
more subtle types of cell damage. Histo- 
chemical techniques developed within the 
last few years may pro^dde the means of 
demonstrating some of these more subtle 
evidences of cell injury, thus breaking 
dovm the artificial distinction between 
interstitial and parenchymatous inflam- 
mation. 

The relationship between the myo- 


carditic process and cardiac enlargement 
deserves brief comment. In the medical 
literature hypertrophy of the heart in 
“isolated” or Fiedler’s myocarditis is often 
regarded as a feature of that disease.'^ 
However, since it was frequently present 
in myocarditis associated -with a variety 
of conditions other than Fiedler’s mj^o- 
carditis or diphtheritic myocarditis'® its 
specificity can no longer be given serious 
consideration. The use of the term hyper- 
trophy, too, is not, strictly speaking, 
accurate. Increased size and weight is a 
natural consequence of the inflammatory 
process within the myocardium; the 
muscle fibers themselves are not hyper- 
trophied. 

Clinically, the deceptive interval of 
improvement prior to the onset of cardiac 
dysfunction frequently observed in diph- 
theria'®’'® is a characteristic deserving of 
re-emphasis, especially since it has been 
found to occur in myocarditis of diverse 
etiologies.'® Perhaps, if in diphtheria, 
myocarditis (or neuritis) were regarded as 
a sequela to be anticipated as a pharmo- 
cologic effect of the toxin, rather than as 
a complication that develops unexpectedly, 
a greater proportion of the cases would be 
recognized early enough to permit ade- 
quate remedial measures. Proper thera- 
peutics would recognize the greatly re- 
duced functional capacity of the heart, 
■with the result that the patient’s acti\aty 
would be restricted and great caution 
observed in the administration of intra- 
venous fluids often and disastrously given 
in copious quantities to combat a shock- 
like state which is itself a manifestation 
of cardiac embarrassment. Proper regard 
must be given the prolonged convalescence 
required for healing of the myocardial 
lesion. Should such measures prove suc- 
cessful in conser\dng patients 'wdth severely 
damaged hearts, permanent cardiac resid- 
ua of clinical importance may occasion- 
ally result depending upon the quantity 
of myocardium destroyed. The general 
denial of permanent clinically significant 
heart impairment stems from the general 
failure to save such patients in the past. 
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Simunary. 1. The very high incidence 
of diphtheria in portions of Europe con- 
stitutes a medical hazard to this country 
under modem conditions of communica- 
tion. 

2. Myocarditis, a frequently lethal 
sequel, occurred in this series in 143 of 205 
(70 %) fatal cases of diphtheria. A higher 
mortality in the presence of m^mcarditis 
largely explains why its incidence in post- 
mortem studies is so much greater than in 
clinical reviews of diphtheria. A certain 
proportion of missed diagnoses serves as 
an additional explanation for this dif- 
ference. 

3. As the length of sur\’ival from the 
onset of diphtheria increases the incidence 
of mjmcarditis rises. A similar time rela- 
tion is true for neuritis. However, post- 
diphtheritic neuritis appears later and 
is less frequent than myocarditis. The 
two sequelffi are not related causally to 
each other. Neither age nor color appear 
to have any influence upon them. 

4. Pathologically, the hearts are dilated, 
OTth flabby, pale, or mottled musculature. 
Frequently the hearts are enlarged, a 
finding which appears to be related to the 
presence and degree of myocarditis, and 
not to myocardial hjqjertrophy. Micro- 


scopically, there is a primary toxic degener- 
ation of the myocardial fibers. The in- 
flammatory response, which culminates 
in scarring, appears to be secondary to the 
muscle injury. 

5. In one-third of the cases the mani- 
festations of myocarditis appeared at a 
time when the patient seemed to be well 
on his way to convalescence. The interval 
between diphtheria and the onset of 
cardiac symptoms has been designated the 
deceptive interval of apparent improve- 
ment. 

6. The importance of administration of 
antitoxin early and in adequate quantities 
is re-emphasized as a measure to prevent 
myocarditis (and neuritis). 

7. The designation of myocarditis (and 
neuritis) as a sequel of the pharmacologic 
effect of the toxin rather than as an 
unexpected complication may contribute 
to the early and more frequent recognition 
of myocarditis. 

S. A shock-like state following diph- 
theria must be recognized as a frequent 
manifestation of myocardial weakness lest 
the vigorous administration of intravenous 
fluids to combat it result in a fatal ter- 
mination. 
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With the increasing use of methionine 
in the treatment of diseases in which there 
is liver damage, the need for further study 
of the metabolism of this essential amino 
acid is evident. It is particularly im- 
portant to establish the degree to which 
ingested synthetic methionine is utilized 
by the body, especially for comparison of 
normals with patients having parenchy- 
matous damage of the liver. While there 
have been earlier studies of this type, they 
have been hampered by analytical meth- 
ods of doubtful validity when applied to 
biological fluids. 

This report deals wth the urinary excre- 
tion of added dietary dimethionine by 
normal children and adults as compared 
Avith patients of similar age and weight 
who showed laboratory or clinical e^'idence 
of liver disease. 

Experimental. Control assays were 
made on healthj’' individuals performing 
routine hospital duties and eating the 
customary diet served to hospital person- 
nel. Routine hepatic tests, including ceph- 
alin cholesterol flocculation, thymol tur- 
bidity, thymol flocculation, and serum bili- 
rubin, gave results for these indiioduals 
that were vdthin normal limits. 

Patients were chosen for study on the 
basis of liver damage demonstrable clin- 
ically and by laboratory tests. Confirmed 
diagnoses in tlois group include 1 case of 
toxic (aminothiazole) hepatitis and 3 cases 
of portal cirrhosis. 

A group of 6 children being studied for 
chronic, afebrile disease, whose liver func- 
tion tests indicated no abnormality, served 


as controls. They remained on the custom- 
ary hospital diet. 

Seven children who were suffering from 
viral hepatitis were studied. One pre- 
sented frank viral hepatitis. In the re- 
mainder there was demonstrable labora- 
tory evidence of liver damage and minimal 
clinical signs and symptoms. The diagno- 
sis in this latter group was hepatitis Avith- 
out jaundice. 

An attempt was made to keep the diets 
of controls closely comparable to those of 
the patients. This was facilitated in 12 of 
the children by the fact that both groups 
were served indiscriminately from the 
same food cart. 

Dl-methionine was given in the form of 
0.5 gm. tablets of "Meonine.” For the 
children aqueous solutions were prepared 
from chemically pure crystals of the 
dZ-form.* 

Urine was collected quantitatively for a 
control period of 24 hours, hlethionine 
was then given in a single large dose (5 gm. 
for adults, 3 gm. for children), although it 
was realized that such administration was 
unfavorable for maximal utilization. Urine 
was subsequentlj’^ collected for three suc- 
ceeding periods of 24 hours each. Samples 
were collected in brown bottles containing 
20 ml. of 20 % HCl, layered with toluene, 
and stored in a cold room at 4° C. 

Ass.iy of jMethionine in Urine. The 
microbiologic assay for methionine de- 
veloped by Dunn,^ adapted for use noth 
oxidized peptone media prepared by the 
method of Lyman, ci was used for all 
analyses. The organism used was Lacto- 


* Furnished through the courtesy of Wyeth. Incorporated. 
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bacillus fermentii — 36, which utilizes both 
the d- and 1- forms of methionine. Titrat- 
able lactic acid produced by a standard 
gro^s'th of the organism served as an index 
of methionine present. 

Urea, the principal growth-inhibitor (to 
Lactobacilli) found in urine, was removed 
by treatment of urine vuth purified urease. 
Crude urease solution, prepared by extrac- 
tion of jack bean meal with 15% ethjd 
alcohol, was dialyzed to remove free amino 
acids.® Urease treatment of urine was 
carried out according to the technique of 


present in the urine; however, in patho- 
logic urines this possibility cannot he 
excluded. The finding of wide differences 
between bound and free methionine at 
intervals following ingestion of a single 
large oral dose (of Table 3) supports the 
hypothesis that the increase is due to 
liberation of methionine from a simple, 
hydrolyzable, low molecular compound 
rather than from a protein complex. 

Hydrolysis was accomplished by reflux- 
ing urine 6 hours in 6N HCI according to a 
method previously described.® Again, 


Table 1. — Response by Controls and by Patients Studied to Hepatic Tests 






Serum 

Cephahn Thymol 

Thymol 

Col- 

Col- 




Wt. 


bilirubin 

chol. fioc- 

turbidity floccula- 

loidal 

loidal 


Patients 

Age 

(tbs.) 

Diagnoms 

(mg./ 100 ml.) culatioa 

(units) 

tion 

gold 

red 

Remarks 

Adults;* 











RT . . 

. 30 

150 

Normal 

1.3 

0 

2.5 

0 




LB . . 

. 37 

160 

Normal 

0.77 

0 

2.0 

0 

0 

0 


JE . . 

. 26 

180 

Normal 

0.65 

0 

0.5 

0 

0 

0 


PH . . 

. M 

170 

Cirrhosis 

13.3 

4+ 

2.8 

3+ 

3-f- 


Biopsyf 

PP . . 

. 52 

150 

Cirrhosis 

0.33 

4+ 

3.0 

0 

4+ 



JF . . 

58 

135 

Cirrhosis 

0.10 

3+ 

1.0 

0 

0 


Biopsy (2 X)t 

BD . . 

. 13 

130 

Hepatitis 

8.8 

4+ 

5.0 

0 

2-1- 


Ding, porphyrinuria 

Children: 











Rh . . 

12 

58 

Normal 

0.32 

0 

■ 1.0 

0 

0 

0 

No bllitubinuria 

De . . 

U 

65 

Normal 

0.16 

0 

0.5 

0 

0 

0 

No biUrubinuria 

Me . , 

11 

72 

Normal 

0.21 

0 

1.0 

0 

0 

0 

No bilirubinuria 

Ho . . 

14 

68 

Norma! 

0.42 

0 

0.6 

0 

0 

0 

No bilirubinuria 

0n . . 

15 

70 

Normal 

0.20 

0 

1.5 

0 

0 

0 

No bilirubinuria 

Ro . . 

10 

52 

Normal 

0.28 

0 

1.0 

0 

0 

0 

No bilirubinuria 

Gu . . 

9 

61 

Hepatitis 

2.13 

4+ 

8.0 

4+ 

4-(- 

4+ 

Frank Jaundice 

Ge . . 

15 

77 

Hepatitis 

1.02 

3+ 

0.7 

0 


dt 

Bifirubinuria 

Da . . 

15 

67 

Hepatitis 

1.11 

4+ 

1.5 

0 

2-f 

2+ 

Bilirubinorfa 

Kr . . 

16 

76 

Hepatitis 

0.67 

2+ 

1.0 

0 

3+ 

3+ 

Bilirubinuria 

Me . . 

15 

52 

Hepatitis 

0.25 

0 

0,7 

0 

0 

0 

Bilirubinuria 

Kr . . 

11 

50 

Hepatitis 

0.29 

0 

0.5 


0 

0 


Ma . . 

14 

70 

Hepatitis 

0.06 

0 

0.5 

0 

0 

0 



• This individual usually has a slightly elevated eerum biliruhin, but repeated liver function tests have given results within normal 
UmitA. 

t In these cases, the dUgin>M -vras confirmed by needle biopsy of the liver. 


Hui Lan Yeh, et al} Standard aqueous 
methionine solutions subjected to the same 
steps of urease treatment showed recover- 
ies of 100% (-{- 10%). It was found in 
earlier work that sodium chloride inhibited 
grovTh of the Lactobacilli used, but under 
our conditions this effect was negligible up 
to a concentration of 2% NaCI. 

Hydrolysis of urine increases the con- 
centration of methionine found.* This 
effect was confirmed. In normal urines it 
is improbable that the increase of meth- 
ionine values found after hydrolysis is due 
to liberation of methionine from proteins 


standard aqueous methionine solutions 
subjected to the same treatment showed 
recoveries of 100% (-{- 10%). 

It was thought tliat the increased acidity 
and browning discoloration (Maillard reac- 
tion) produced by autoclaving the assay 
media might be a source of error. This 
effect was investigated by assay of Seitz- 
filtered aqueous standard solutions, urine, 
and urine with added methionine, in dupli- 
cate with the same solutions sterilized by 
autoclawng 12 minutes at 15 pounds prc.s- 
sure. The results indicate that there was 
no interference. 
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Results. Methionine excretion in the 
control pre-ingestion period, representing 
the daily basal urinary excretion, is shown 
in Table 2. 

Variations of urinary excretion of dl- 
methionine after dietary supplement are 
shown in Figure 1. It will be noted that 
the amount of dl-methionine found in 
urine after ingestion of a single dose in- 
creased sharply in the first 24-hour post- 
ingestion period, whereas during the sec- 
ond 24 hours it had returned almost to the 
control pre-ingestion level. The increased 
excretion during the first 24 hours repre- 
sents the portion of ingested dl-methionine 
which had been absorbed from the gastro- 
intestinal tract and not retained by the 
tissues. The greatest amount of excreted 


given as “Meonine” tablets urine was 
fractionally collected at convenient inter- 
vals. No attempt to establish diuresis was 
made. Samples were assayed both after 
urease treatment and after hydrolysis with 
HCl. The results, listed in Table 3, show 
that a considerable portion of dl-meth- 
ionine is excreted in a combined form. 

Discussion. The first reported study 
of urinary excretion of methionine by 
normal subjects was that of Albanese,^ 
who, using a chemical method, found 247 
to 494 mg. per 24-hour period. Horn- 
burger’ employing the same analytical 
technique, studied methionine excretion by 
normals, 1 patient with nephrosis, and 2 
patients showing e^idence of liver damage. 
He found values of approximately 200 to 


Table 2.— Daily Basal Ukinary' Excretion of Methionine 
Normals Abnorraals 



Methionine found 

Name 

mg. per 24 hours 

Adults; 

RT 

5 8 


LB 

4 4 


JW”- 

12 5 


Children; 

Rh 

1 2 

1 3 

De 

2 1 

10 1 

Me 

6 1 

2 1 

Ho 

4 85 

9 0 

Dn 

8 2 

3 45 

Ro 

1 86 

6 0 


dl-methionine found for the first 24-hour 
period w'as approximately 15% of the 
amount administered, winle the average 
found Avas approximatelj'^ 10 %. 

The patients showing signs of marked 
liver damage both clinically and by hepatic 
tests (adult abnormals) exhibited pre- 
ingestion levels wiiich w’ere higher than in 
the normals. When these data were sub- 
jected to statistical analysis by the chi 
square method, the differences AA'ere found 
to be of marginal significance. Similar 
observations w'ere also made in the second 
post-ingestion 24 hours, indicating delay in 
return to the pre-ingestion level. 

Fractional excretion during a single 24- 
hour period Avas studied in one fasting 
normal. FolloAAnng a single dose of 3 gm. 


Name 

Methionine found 
mg. per 24 hours 

PH 

1 6 

PP 

14 5 

JF 

9 27 

BD 

22 1 

Gu 

7 85 

Ge 

6 4 

Da 

6 4 

Kr 

4 8 

Me 

3 87 

Kr 

2 3 

Ma 

6 9 


400 mg. per 24 hours in the pre-ingestion 
urines of normals, and A'alues of approxi- 
mately 200 to 600 mg. per 24 hours in pre- 
ingestion samples of a patient suffering 
from hepatolenticular degeneration. He 
further found an increased excretion bj"- 
patients shoAA'ing liA^er damage giA’en sup- 
lementary methionine as compared Arith 
normals. 

In this study, preliminary analj'^ses 
based on chemical methods jdelded incon- 
sistent results. The method of Albanese,’ 
based on the oxidation of methionine by 
iodine was considered as lacking the neces- 
sary specificity for biological fluids. The 
colorimetric nitroprusside reaction as de- 
scribed by Csonka and Denton® w'as in- 
A'estigated, and values found in normal 
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urine were too low to be either accurate or 
reproducible. Attempted modifications of 
this technique to include preliminary treat- 
ment for removal of interfering substances 
(such as histidine and cystine) also failed 
to give consistently reproducible results. 

Harper, Kinsell and Barton have studied 
plasma and urine levels of methionine after 
intravenous injection,® using a microbio- 


logic assay which measured the 1- isomer. 
Their data show a pre-injection level of 
0.1 mg. per hour, and they found that for 
3 hours after intravenous injection, 1.6 to 
6.5 mg. of an injected 750 mg. were re- 
covered from the urine. Hui Lan Yeh, 
et al.^ studied the amino acid excretion in 
the urine of a patient suffering from con- 
genital cystinuria. Using a microbiologic 





Fin. 1. — Excretion of suppicmontarj' dietary di-mothioninc by normals and by patients mth liver 
disease. A, The excretions are entered in the craphs at the end of each 24-hour period. Thus, the values 
shown at 2 days represent the pre-incestion excretion. Methionine was administered at the bcKinninft 
of the second day. The croup of normal children received methionine at the becinninc of the third day 
/?. Ab^cLs.-e (miilicrams of methionine found) arc plotted on a locarifhmic scale. C, Solid circles con- 
nected by lines are averaces of values found. E.ach other symbol represents an individual determination 
on a patient. D, In the chart of "Normal Children” the lowest point represented by a black square 
correspondinc to the 4th day is not included in the averatte. An unknown, probably major, portion of 
this 2t-hour specimen of urine was lost. 
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method which measured both d- and 1- 
forms of methionine, they found values of 
3 —25.5 mg. per 24 hours (mean of 11.03). 
Subsequently Dunn^ has studied the urin- 
ary excretion of 12 amino acids by normal 
subjects using the same method; he found 
values for methionine averaging 2.7 mg. 
per 24 hours. 


and has reached an average of only 10 % of 
the supplementary dose of methionine 
given. Thus, it may be assumed that in 
hepatic conditions methionine may be 
utilized apparently to the same extent as 
in normal persons. It seems that the liver 
damage must be extensive before signifi- 
cant alteration of urinary excretion of exo- 


Table 3. — Fjbeb and Combined Methionine Found jn Fhactionad Specimens of Urine Codeected 
IN A 24-hour Period Foluowing Ingestion of 3 Gm. bt a Fasting Normau Adult Subject 


Faating 

8:00 

A.M. 

Volume, in ml 330 

After urease treatment, dl-methio- 

nino as micrograms/ml. . . . 9,8 

Mg. dl-methionine 3 2 

After HCl hydrolysis dl-methionine 

as miorograms/ml 15 3 

Mg. dl-methionine SO 

Ratio, combined/free 1.55 


Interval 


1:20 

5:30 

11:30 

8:00 

Total 

P.M. 

P.M. 

P.M. 

A.M. 

346 

216 

500 

596 

1656 

967 

406 

111 

17 


334 

87 

66 

10 

487 

1045 

980 

192 

62.6 


361 

210 

96 

31.2 

698 

1.08 

2 41 

1.63 

3.12 

1.43 


The results of this study confirm the 
latter findings, all of which are based on a 
microbiologic assay. Consistent recovery 
of known amounts of methionine added at 
various steps in the assay procedure con- 
firm the reliability of this method. The 
fact that smaller amounts of methionine 
can be detected by, and are found by this 
method furnishes evidence that the micro- 
biologic assay is more specific than chem- 
ical methods. The high values found^-’ 
on chemical determination for normal 
urinary excretion of methionine (250 to 
500 mg. per day) in contrast to the much 
lower corresponding figures (2.5 to 15 rag. 
per day) of the microbiologically deter- 
mined urinary methionine, are due prob- 
ably to error inherent to the chemical 
methods in question, when applied in bio- 
logical fluids. 

In one group of patients suffering from 
hepatic disease the urinary excretion of 
methionine has shonm no significant differ- 
ence from values found in normal persons. 
Ingestion of additional methionine in one 
large dose (3 gm. to children, 5 gm. to 
adults) has produced both in normal per- 
sons and in patients with hepatitis or cir- 
rhosis, a sharp rise in the urinary figures of 
methionine. However, the total amount 
excreted was found to he relatively low. 


genous (or endogenous) methionine can be 
found.® 

Slight prolongation of high methionine 
levels in the urines of patients suffering 
from hepatic disease would appear to be 
the only deviation from excretion by 
normals. This difference manifested itself 
only in the group of adults with their more 
severe hepatic conditions and was not 
apparent in the group of children suffering 
from mild hepatitis. Interpretation of this 
finding must include evaluation of the use 
of dl-methionine. Although the occurrence 
of d-araino acids in proteins has been 
reported,'® their significance in human 
metabolism has not been established. Since 
Lactobacillus fermentii-36 measures both 
enantiomorphs, the isomeric type of the 
methionine found in these studies remains 
to be established. It is not unlikely that 
the increased post-ingestion values repre- 
sent renal spillover from a transient hyper- 
d-methioninemia produced by administra- 
tion of dl-methionine in amounts greater 
than physiologic needs. This explanation 
is supported by finding low basal excretion 
levels, suggesting that methionine is ordi- 
narily almost completely metabolized, even 
in patients suffering from hepatic disease. 

In severe cirrhosis, the absorption of 
methionine (solution of crystalline dl- 
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methionine) from the small intestine is 
slightly impaired, as shown by Machella 
in this laboratory It is questionable 
whether this slight delay in absorption 
represents a satisfactory explanation for 
the prolongation of high methionine levels 
in the urine, extending over several days 
after the ingestion of one dose. 

Summary. The urinary excretion of 
methionine has been studied by means of 
the microbiologic assay method (Lacto- 
bacillus fermentii-36) in groups of 3 normal 
adults, and 6 children as well as of patients 
of similar age distribution (4 adults and 7 
children) suffering from mild or moder- 
ately severe hepatic disease (hepatitis. 

Our gratitude is due to John G. Reinhold, Ph.D., 
technical assistance. 


cirrhosis). One large supplementary dose 
of dl-methionine produced after ingestion 
a considerable but transient rise in the 
urinary e.xcretion of methionine in all 
groups. However, the relative total 
amount excreted remained low throughout 
(approximately 10% of the dose given). 
Slight prolongation of the high methionine 
levels in the urine of adults suffering from 
moderately severe hepatic disease consti- 
tuted the only difference from excretion by 
normals. 

It is concluded that methionine is well 
utilized by patients with hepatic disease of 
mild or moderately severe nature. 

for helpful adwee and to Miss Jane Joraleman for 


1. Albanese, a. a., Frankston, J. E , and Irby, V.: J. Biol. Chem., 166, 293, 1944. 

2. Archibabd, R. M., and Ha.vii.ton, P. B.; J. Biol. Chem., 150, 155, 1943. 

3. CsoNTCA, F. A., and Denton, C. A.: J. Biol. Chem., 163, 329, 1946. 

4. Dunn, M. S., Ca.mien, M. N„ SHANKirAN, S., and Bbook, H.; J. Biol. Chem., 163, 577, 1946. 

5. Donn, M. S., Camien, M. N., Shankman, S., and Block, H.: Arch. Biochem., 13, 207, 1947. 

6 Harper, H. A., Kinsell, L. W., and Barton, H. C.: Science, 106, 319, 1947. 

7. Homburoer, F.: Am. J. Med. Sen, 212, 68. 1946. 

8. Hot Lan Yeh.Trankl, W., Dunn, M. S., Parker, P., Hughes, B., and Gyorgy, P.; A.m. J. 
Med. Sci., 214, 507. 1947. 

9. Kinsell, L. IV.. Harper, H. A., Barton, H. C.. Michaels, G, D., and Weiss, H. A.: Science, 
106. 589, 1947. 

10. Lyman, C. M., Moseley. 0., Wood, S.. and Hale, F.: Arch. Biochem., 10, 427, 1946. 

11. Machella, T. E.: Personal communication. 

12. Rittenbero, D., and Sbemin, D.: Annual Rev. of Biochem,. Vol. XV, p, 259, 1946. 



CAYER, CODY: URINARY EXCRETION OF NIACIN AND RIBOFLAVIN 


273 


URINARY EXCRETION. ;OF NIACIN AND ;RIB0FLAVIN IN PATIENTS WITH 
ACUTE INFECTIONS AND VARIOUS CHRONIC DISEASES* 

By David Gayer, M.D. 

ASSISTANT PHOFE8SOB OF SIEDICINE 
AND 

Sophia Cody, M.D. 

HESEARCH ASSISTANT 
•WINSTON-SAEEM, NORTH CAROLINA 

(From the Department of Internal Medicine, Bowman Gray School of Medicine of Wake Forest College, 

and the North Carolina Baptist Hospital) 


The association of famine with disease 
has been recognized since the beginning of 
recorded history. Recently a definite rela- 
tionship between diet — chiefly the intake 
of vitamins and proteins — and susceptibil- 
ity to infection has been shown in numer- 
ous animal experiments. This relationship 
does not appear to be the same for bacteria 
and viruses; however, it has also been 
shown that poorlj'^ nourished animals are 
actually more resistant to certain viral 
infections, particularly poliomyelitis and 
vaccinia, than are well nourished animals. 
This difference in susceptibility to bacter- 
ial and viral infections may be dependent 
upon the requirements of the host or 
invading organism for certain metabolic 
essentials, as well as upon the localization 
(intracellular or extracellular) of the para- 
site. At any rate, it is evident that vitamin 
deficiencies do not invariably lead to Ioav- 
ered resistance to all infectious diseases, 
although it is thought that a well balanced 
diet is important in maintaining a defense 
against infection and in speeding the re- 
covery from bacterial infections. 

The Prophylactic Administration of 
Vitamins. Vitamins are often admin- 
istered to patients on the hypothesis that 
they may increase their resistance to bac- 
terial infections. This practice has resulted 
in the indiscriminate use of excessive quan- 
tities of e.\pensive vitamin preparations 
where little, if any, indication for such 
treatment is present. The disappointing 
results of such therapy in the prophylaxis 
of upper respiratory infections and in the 


treatment of such conditions as infectious 
arthritis are familiar to all practitioners. 

The Supportive Administration of 
Vitamins. It is usually assumed that 
during an acute infection or a chronic ill- 
ness, particularly ivhere fever and dis- 
turbances of metabolism are present, the 
requirements for vitamin substances are 
increased. Marked evidences of protein 
catabolism have been demonstrated in 
Rocky Mountain spotted fever, for ex- 
ample, and it has been shown that this 
disease can be more successfully managed 
by the forced feeding of a high-protein 
diet.'* The marked increase in protein and 
carbohydrate metabolism in such illnesses 
suggests that the demands for the B-com- 
plex vitamins may also be increased. The 
use of vitamins as supportive therapy in 
infections and in chronic diseases is still 
largely empiric, however, particularly in 
human beings. An estimation of the vita- 
min needs of ill patients would depend 
upon the preceding diet and degree of 
tissue storage, as Avell as upon the intake, 
absorption, utilization, and actual require- 
ments during the illness. Such data are 
rarely available. The importance of niacin 
and riboflaAnn in the metabolism of carbo- 
h^^drates and amino acids AA'ould seem to 
indicate that these Autamins have vital 
roles in promoting recoA^ery from injury 
and infection. 

The Recognition of Vitamin De- 
ficiencies. It is generally agreed that 
for each case of a seA'ere deficiency state 
recognized bj’ clinical means alone, many 


* This studj- wiis aided by a grant from the John and Marj- R. Markle Foundation. 
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instances of mild deficiencies probably 
exist. Attempts at evaluating such states 
of nutrition are difficult, and, as a result, 
concepts of deficiency diseases have been 
somewhat confused: the clinicians state 
that frank evidences of dietary deficiencies 
are growing less common, while the nutri- 
tionists continue to maintain that routine 
surveys reveal marked evidences of inade- 
quate diets. The recognition of mild vita- 
min deficiencies by clinical examination 
alone is often difficult, if not impossible. 
A gradual depletion of body reservoirs, 
with subsequent lowering of the concentra- 
tion of vitamin substances in the blood and 
urine, precedes functional disturbances, 
microscopic tissue changes, and gross ana- 
tomic changes. 

The development of laboratory pro- 
cedures for the purpose of measuring vita- 
min substances in the u.-'ne and estimating 
body stores by the use oi a test dose of 
vitamins appears to offer a means of 
determining actual vitamin needs. Pre- 
■\aous studies have shown that the results 
of these laboratory tests correlate well with 
the physical evidencesof deficiency states.'® 
In an effort to obtain more accurate in- 
formation concerning the nutritional states 
and requirements of patients with acute 
and chronic illnesses, the present study was 
undertaken to determine the amounts of 
niacin and ribofla\in excreted in the urine 
of hospitalized patients who had acute 
infections and various chronic diseases. 

Selection of Patients and Method of 
Study. Three groups of hospitalized pa- 
tients were studied. Group 1 consisted of 13 
patients with scute infections such as strepto- 
coccal pharjmgitis, acute rheumatic fever, 
Rockj' Mountain spotted fever, pyelitis, and 
pneumonia. Convalescence in these patients 
was usually noted by the end of the second 
or third week. Group 2 consisted of 6S 
patients with prolonged or chronic illnesses, 
such as heart disease, peptic ulcer, sj'philis, 
chronic pulmonaiy disease, and chronic pyo- 
genic infections. Group 3, which serv'ed 
.a.s a control, was made up of 22 hospitalized 


patients who had no evidence of organic 
disease. 

None of the patients studied had received 
any previous xitamin therapy. During the 
period of study all patients were given a 
bland diet containing 1800 to 2000 calories 
daily, divided as follows: protein, 60 to 
70 gm.; fat, 80 gm.; carbohydrate, 100 gm. 
This diet was estimated to contain 2.9 mg. 
of riboflavin and 12.7 mg. of niacin. 

Determinations of niacin and riboflavin 
were made on urine collected in dark-brown 
glass bottles for protection against light. 
Glacial acetic acid and toluol were used as 
preserv'atives- Three consecutive 24-hour 
collections of urine were made, the amounts 
of niacin and riboflaidn contained in each 
w'ere determined, and the results of the 
determinations were averaged. On the morn- 
ing of the fourth da 3 % 5 mg. of riboflarin and 
50 mg. of niacinamide were given orallj’’ with 
breakfast, after which a 3-hour urine col- 
lection was made. 

The niacin assaj's were done by the method 
of Perlzweig^ for the determination of urina^' 
Fs (N-raethybicotinamide). The riboflarin 
levels were determined b}' the direct fluorn- 
metric method of Ferrebee, omitting the 
absorption and elution steps.’ 

Results. The urinaqv levels of niacin 
and riboflavin for the various groups are 
seen in Tables 1 and 2. Before the admin- 
istration of a test dose of niacinamide, 
little difference in the amount of F: 
excreted was noted between Group 3 
(controls) and the other groups studied. 
The slightlj” higher urinarj' levels of Fj 
in the groups with acute infections and 
cancer were not found to be statisticallj' 
significant. 

Folloiving the administration of .50 mg. 
of niacinamide, the amount of Fj e.xcreted 
b3' the patients with acute and chronic 
infections was higher than that excreted b'’ 
the controls. The difference was subjected 
to statistical evaluation b3' the "t” test 
and was found to be significant.* 

The urinar 3 ' e.xcretion of riboflavin did 
not vary significantly in any group except 
in the patients with peptic ulcer. Here, as 


Statistical ftnaly>i 5 was done by Dr. C- X. Herndon of the Di^'i'ion of Ntedical Genetics. 
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might be expected, where the previous 
diet had, in most instances, been rich in 
sources of riboflavin (milk and cereal), the 
levels of urinary riboflavin before and after 
the test dose were 20 to 25 % higher than 
those in the control group.® 


ies does not support such a belief and the 
facts do not justify such a conclusion. 

Liberation of Vitamins From Stor- 
age During Illness and Starvation. 
It is possible that increased amounts of 
these vitamin substances are liberated 


Table 1. — Urinahy Excretion of Niacin 




Before test dose 

After test dose 


No. 

cases 

Range 

(mg.) 

Mean 

(mg.) 

Range 

(mg.) 

Mean 

(mg.) 

Group 1: 

Acute infections 

. 13 

3.9-11.7 

8.6 

4.0-14.2 

7.1* 

Group 2: 

Chronic diseases 

Cancer .... 

. 83 
. 15 

4 6-13 9 

8.4 

11-82 

3.7 

Pyogenic infection . 

. 4 

5 6-10 5 

9.0 

3 7-12 1 

6 8* 

Syphilis 

. 4 

1.9-17.6 

7.0 

16-69 

3 6 

Lung disease 

, 3 

6 3- 7.4 

6.9 

3 1-58 

3 7 

Heart disease 

. 17 

2 9-14.8 

6 9 

0 6-10 1 

3 8 

Peptic ulcer .... 

. 25 

3 2-15 5 

6.7 

1.1-15 2 

4 6 

Miscellaneous 

. 15 

1 2-11 9 

4.2 

0 5-11.0 

4 0 

Group 3: 

Controls 

, 22 

2.6-12.2 

7.2 

1.0- 6 7 

2 9 

Statistically significant. 


Table 2.— Urinary Excretion of Riboflavin 

Before test dose After test dose 



No. 

Range 

Mean 

Range 

Mean 


cases 

(T) 

(7) 

(7) 

(7) 

Group 1: 

Acute infections 

. . 13 

674-6393 

1682 

440-3128 

2194 

Group 2: 

Clironic diseases . 
Cancer 

, . 83 

. , 15 

475-2512 

1246 

532-4268 

1708 

Pyogenic infection . 

. . 4 

994-2573 

1645 

908-2550 

1597 

Syphilis .... 

. . 4 

944-2009 

1490 

464-2288 

1761 

Lung disease 

. . 3 

1212-2260 

1738 

816-2380 

1851 

Heart disease 

. . 17 

576-4595 

1621 

1302-3488 

2026 

Peptic ulcer . 

. . 25 

622-6311 

2003 

520-4830 

2421 

Miscellaneous 

. . 15 

712-2640 

1440 

424-3720 

2172 

Group 3: 

Controls .... 

22 

640-4224 

1482 

232-6771 

2025 


Discussion. In evaluating the results of 
the present study certain apparent dis- 
crepancies are noted. The quantity of 
niacin and riboflaAon excreted bj^ ill 
patients, contrary to what might be antici- 
pated, is as great or greater than that 
excreted by the controls. While this find- 
ing might be interpreted to indicate that 
the nutritional state of the former patients 
was better than that of the latter, the 
evaluation of their preAnous dietari- histor- 


from storage incidentally, or perhaps as a 
protective mechanism, by fever, an in- 
creased rate of metabolism, and tissue 
destruction. It would appear that until 
the body reserves are depleted, excretion 
of these substances at the onset of an ill- 
ness may actually be greater than normal. 
In liealthy subjects on a voluntary fast 
relatively nonnal urinary levels of niacin 
have been found." In addition, the work 
of i\Ieehclson and Erickson with normal 


VOL. 21,'). NO. 3 — M\Rcn, 194S 


10 



276 CATER, CODY: TOmART EXCRETION OF NIACIN AND RIBOFLA-VTN 


subjects has shown that urinarj^ Po 
(A-methylnicotinamide) levels, even after 
periods of restricted diet, are maintained 
for a period as long as 32 days, with only a 
slight decrease. The niacin and riboflaAon 
excreted by such persons are apparent^' 
derived from the tissues which contribute 
the urinary nitrogen. 

The normal or elevated urinary levels of 
F" and riboflavin found in Groups 1 and 2 
suggest the follovdng conclusions : 

_ That in most instances the amounts of 
niacin and ribofiardn stored in the tissues 
appear to be adequate to supply the re- 
quirements of patients studied during 
fairly long periods of illness before gross 
anatomic tissue changes appear; this as- 
sumption would account for the relative 
infrequency of frank clinical deficiencies 
even during prolonged illness. 

That during illness, particularly when 
fever and weight loss are present, normal 
or increased amounts of ^ibofla^’in and 
niacin may be excreted until the body 
stores become depleted. Thus it can be 
understood why frank deficiencies, though 
they are uncommon even during relatively 
prolonged illness, are more likely to appear 
in patients with chronic diseases, since 
their stores are being more rapidly 
depleted. 

The Role OF THE Liver. Another pos- 
sible factor in the normal to increased 
excretion of F; by ill patients may be the 
inability to metabolize N-methylnicotina- 
mide in the presence of liver damage. The 
liver is apparently the chief, if not the sole, 
organ responsible for the mcthylation of 
niacinamide.® N-methylnicotinamide is 
furtlier broken down by the liver to 
unknown products. Experimental carbon 
tetrachloride poisoning in rats diminishes 
the capacity of the animals to destroy 
X-inethylnicotinamide.® .\ similar effect 
has been noted in human patients with 
liver disease* as well ns in apparently 
normal females during pregnancy.* 

While the urinary level of F- aids in the 


evaluation of an individual’s nutritional 
state, it would appear that it also serves 
as a measure of his ability to methylate 
and metabolize niacinamide. It is possible 
that in the presence of infection, particu- 
larly where liver function is disturbed, 
there is interference vith the latter process. 
The highest urinary Fa levels were found 
in a patient with Rocky Mountain spotted 
fever who had evidence of severe dis- 
turbance of liver function. 

Application to Therapy. It is diffi- 
cult to saj' whether or not the increased 
urinary excretion of niacin demonstrated 
in patients with acute and chronic infec- 
tions indicates a need for increased vitamin 
intake, ''5^^lere recovery occurs before the 
body stores are depleted, a satisfactory 
adjustment is apparentlj’ made during con- 
valescence. Since the retention of some of 
the members of the B complex may be 
dependent upon the storage of protein, it 
might be advantageous to supplement the 
niacin and riboflavin intake following ill- 
ness. In most instances, the amounts 
employed (5 to 15 mg. of riboflaidn and 
50 to 150 mg. of niacin) appear to be 
considerably larger than necessary. Fur- 
ther study of these aspects of the problem 
is in progress. 

Smnmary. Assays of the urinary e.xcre- 
tion of niacin and riboflai’in in hospitalized 
patients hav-ing acute and chronic illnesses 
differ little from those in a control group 
of patients, without organic disease. Fol- 
lowing the administration of a test dose of 
these vitamins, the amount of F» excreted 
by the patients with acute and chronic 
infections is significantly increased. The 
normal or increased levels in such patients 
arc probably dependent upon liberation of 
niacin from storage as a result of fever, 
increased metabolism, anrl tissue destnic- 
tion. The increased excretion of F; may 
also be related to disturbance of the liver 
function and to a diminution of the liver's 
capacity to metabolize X-rnethylnicotina- 
inifle. 
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The common clinical course of the 
occlusion of the main vein of an extremity 
is well known. The absence of anoxemia 
of the tissues in thrombophlebitis or phleb- 
othrombosis is explained by the ease with 
which the collateral circulation is re- 
established, due to the abundant venous 
pathways. 

^Tien, however, in addition to the main 
vein, all the tributaries are also occluded, 
marked anoxemia of the tissues leading to 
gangrene may ensue from the sole obstruc- 
tion of the whole venous tree. 

Gangrene, as a result of thrombophleb- 
itis without arterial occlusion is, however, 
of rare occurrence. Only a small number 
of such cases have been reported.* In the 
American literature there is only 1 paper; 
it reports 3 cases.® The possibility of 
gangrene due to venous obstruction alone 
is therefore not widely known. Because of 
the rareness of the condition we wish to 
report the follovdng case. 

Case Report. JM. L., 62 j'ears old, white 
male, was admitted on May 26, 1946, to the 
Alexian Brothers Hospital, Elizabeth, N. J., 
for iieopla.sm of the bladder. The patient 
had hematuria for about 2 months prior to 
his admission. Except for a right inguin.al 
hernia and some degree of chronic bron- 
chitis, the patient’s general condition was 
good. At the time of his admission an electro- 
cardiogram was normal and the blood pres- 
sure was InOfTO. On iMay 27, 1946, a mid- 
line siiprajjubic cystotomy was performed 
0>y Dr. Irring Lcrman). The tumor was 
resected and .'i radon seeds of 1..6 m.c. were 
inserted. The patient was ambulatory 4S 
hours after the operation. 

On the 4f!i f)ostoj)erativc d.ay, the patient 
developed hiecouchs, for which he received 


carbon dioxide. Three days later congestion 
of the right lower lobe was diagnosed and 
confirmed by a Roentgen ra}’’ plate the fol- 
lowing day. The patient was running a low 
fever (101° F.) but there was no tenderness 
along the lower extremities. He was started 
on 20,000 units penicillin every 3 hours. On 
June 7 the left calf appeared infiltrated and 
tense. The diagnosis of thrombophlebitis 
became apparent. The patient was then put 
on dicumarol with 100 mg. as an initial dose, 
papaverine gr. ^ was given subcutaneously 
every 4 hours and the leg w'as elevated. 
During the following 3 days the calf was 
distinctly tense and the foot was warm. 
The patient’s general condition was good. 

On June 11 (15th postoperative day) at 
5 p.M. the patient experienced a sudden pain 
in the left leg and foot, more marked in the 
latter. Upon examination, the entire left lower 
extremity, from the hip down, was swollen 
and wmrm, with the exception of the foot and 
low'er third of the leg, which were cold and 
mottled. The circumference at the calf was 
38.5 cm. as against 32 cm. on the opposite 
side. The dorsalis pedis and the posterior 
tibial arteries were felt and of good volume. 
Oscillometric readings were; 

Ankle Calf 

Left 2.5 3,5 

Richt 2.25 .3.5 

A paravertebral block with I % not'ocaine 
was performed at Li, L 2 , L,, and L(, with 
good immediate results. The .severe pain, 
present before the block, .subsided and the 
patient remained comfortable during the 
next 24 hours. JCcvertheless, the following 
day, all the toes appeared much more cyan- 
otic than on the previous examination. 
Another fiaravertcbral block with novocaine 
was performed with immediate good results. 
Despite tliat, within the next 24 hours, the 
first .and fifth foes appeared completely 
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black, ■while the second, third, and fourth 
ones were black only distally. The areas of 
gangrene, involving the toes, were more 
marked on the plantar region. In addition, 
the ball of the foot and a circumscribed area 
near the heel also appeared gangrenous 
(Fig. 1). Two days later, another block was 
performed with the same apparent favorable 
response. The patient was much more com- 
fortable. A line of demarcation became evi- 
dent 4 to 5 days after the onset of gangrene. 


the lower extremity had completely sub- 
sided, and the gangrene of the left 5 toes 
was dry and weU demarcated. No active 
surgery was contemplated, for it was as- 
sumed that spontaneous amputation would 
eventually occur. Indeed, the lesions of the 
ball and heel remained superficial and sep- 
arated in a few months. As to the toes, after 
the demarcation between the normal and 
dead tissues began, the separation of the 
gangrenous distal phalanges took several 



Fig. 1 Fig. 2 

Fig 1.— Plantar region of left foot. Gangrene involving the 5 toes. Additional superficial necrotic 
lesions arc present on the ball of the foot and near the heel. 

Fig. 2.— The healed stumps of the 5 toes after spontaneous amputation, II months after the onset 
of gangrene. 


On June 19, the circumference at the calf 
was 33.5 cm. (5 cm. less than S days pre- 
viously). The edema of the entire left loiver 
extremity was subsiding. The areas of 
gangrene on the plantar region (ball and 
heel of the foot) showed some fading, while 
those of the toes remained unchanged. 

On July 1 (3 weeks after the onset of the 
acute ischemic episode) the patient was 
allowed to be out of bed, and 6 days later 
he was discharged from the hospital. His 
general condition was good. The edema of 


months (from October 9, 1946, to Februarj' 
3, 1947). The stumps (Fig. 2) of the different 
toes were completel}' healed in May, 1947, 
11 months after the onset of gangrene. 

Wliile at home, on September 2, 1946 , 2 
months after his discharge from the hospital, 
the patient developed a typical ilio-femoral 
thrombophlebitis of the right lower extrem- 
ity. The entire limb was markedly swollen, 
hot and painful. The patient was running a 
fever of 101.5° F. The next day a right 
paravertebral block was performed and re- 
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peated 24 laours later. Within 24 hours after 
the last block the temperature became 
normal and the pain subsided. The edema 
of the extremitj-- subsided within a week. 
Unlike the thrombophlebitis of the left lower 
extremity, that of the right side was not 
accompanied by ischemic phenomena and 
followed a normal course. 

When last seen in June, 1947, all pulses 
were present in both feet, and the oscil- 
lometric readings were normal. It is to be 
emphasized that throughout the entire course 
of the disease the foot arteries remained 
patent and the oscillometric readings were 
normal. 

Discussion. The clinical course of the 
case we have observed went through 4 
distinct phases. First phase: at the incep- 
tion, during the first few daj's, the throm- 
bophlebitic process appeared as a typical 
phlegmasia alba dolens. Second phase: on 
the 5th day the patient experienced a 
sudden pain and his left leg and foot 
became cold and cyanotic. The clinical 
picture took the aspect of a phlegmasia 
csenilea dolens or blue thrombophlebitis. 
Third phase: 3 days later, the toes and 2 
areas of the plantar surface became gan- 
grenous. Fourth phase: regression and 
demarcation of the lesions began 4 to 5 
days after the onset of gangrene. The 
spontaneous amputation of the 5 toes and 
the healing of the plantar lesions required 
several months. At present there are no 
post-phlebitic sequelre and the walking 
capacity of the limb is normal. 

Diagnosis. The first 3 stages arc 
typical of the course of a thrombophlebitis 
resulting in gangrene. At the second and 
third phases, however, it may be difficult 
to differentiate between an acute venous 
and arterial occlusion. Indeed, a syndrome 
characterized by a sudden onset of pain, 
cyanosis and coldness of an e.xtremity, as 
seen in the second phase, may correspond 
either to an acute blue thrombophlebitis 
or to an acute arterial occlusion. In oiir 
c.nsc the presence of edema and the 
patency of the foot arteries were in favor 
of the fonner diagnosis. In certain in- 
stances arterird sjj.asm may accompany the 
onset of the venous occlusion, in which 


case the latter is easily mistaken for an 
arterial embolism.^’® The use of intraven- 
ous papaverine or a paravertebral block 
may be of great help in the differentiation 
of these 2 conditions. In some cases with 
prolonged spasm the true nature of the 
occlusive vascular syndrome has been 
established only during surgical explora- 
tion of the main vessels.®'®-’’ 

At the third phase, the examination of 
the pulses and the oscillometric findings 
are decisive in establishing the diagnosis. 
The patency of all the arteries and normal 
oscillometric readings should rule out the 
diagnosis of gangrene due to arterial, or 
mixed arteriovenous occlusion. 

The prognosis of post-phlebitic gangrene 
is usually poor. In most of the instances 
recorded in the literature, leg or thigh 
amputation was required. A favorable 
outcome, as seen in the present case, is of 
rare occurrence. Another such instance in 
which there was only minimal loss of 
tissues (spontaneous amputation of the 
toes) was also reported by Fontaine and 
Forster.® 

Pathogenesis. Gangrene of venous 
origin is a distinct clinico-pathologic 
entity. Clinically the venous syndrome is 
a blue thrombophlebitis, resulting in gan^ 
grene. Careful dissection of the amputated 
limb, or at autopsy, reveals an extensive 
occlusion of the whole venous system 
(main vein and its tributaries) and the 
absence of any organic lesion of the arterial 
tree. Experimentallj'* it has been shown 
that this type of gangrene could be repro- 
duced in the animal, provided the blockage 
of the venous system is complete. 

Since in some cases there is evidence of 
arterial spasm accompanying tlie throm- 
bophlebitic process, the question arises as 
to how much it is responsible for the gan- 
grene. From the available data, arterial 
spasm appears to plaj' rather a minor r6!e 
if any, in its causation. Our present case 
supports this view, since at no time during 
the course of the dise.asc was there any 
evidence of spasm. 

.•\s to the mccltanism, t!ic clinico- 
pathologic and experimental data seem to 
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indicate that, although the arterial blood 
could reach the tissues, its return is pre- 
vented by the blockage of the venous 
system, leading thus to stasis and anoxia 
of the tissues, resulting in gangrene. 

Treatment. From a therapeutic 
standpoint, it is obvious that the manage- 
ment of this condition will vary according 
to the phase. In the beginning, at the 
phlegmasia cserulea dolens stage, the use 
of papaverine and/or paravertebral block 
of the sympathetic ganglia and anticoagu- 
lants should prove effective against the 
angiospasm and further extension of the 
venous thrombosis. 

When gangrene sets in, and the diagno- 


sis of its venous origin is certain, it is 
important to remember that the necrosis 
may remain superficial. Delajdng amputa- 
tion seems therefore indicated, unless signs 
of toxemia are present. 

Summary. 1. A case of gangrene of the 
lower extremity due to venous occlusion 
is reported. 

2. The clinico-pathologic characteristics 
of this type of gangrene, namely, extensive 
thrombosis involving all the veins and 
patencj'- of the arterial system, are 
described. 

3. Pertinent therapeutic indications are 
stressed. 
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In prenous studies'^ (1946) it was showTi 
that acridine dyestuffs of Colour Index 
No. 788 added to the diet of tumor bearing 
mice stained sarcomata and spontaneous 
carcinomata and retarded their growth. 
In addition to 36 commercial dyestuffs 
studied at that time. 34 acridine com- 
pounds synthesized as antimalarialsf were 
tested on tumor bearing mice, and, five 
were found that stained and retarded 
tumors in mice. 

Acridine compounds have been e.xten- 
sively sjmthesized and studied as dyestuffs, 
antibacterial and antimalarial agents. Re- 
\dews on the latter two aspects have been 
furnished by Albert, Rubbo, Goidacre, 
Davey and Stone’ (1945); Martin”' 
(1944): and Wiselogle^ (1947). 

Through the generous collaboration of 
Dyestuff Manufacturers and of Labora- 
tories! which sjmthesized compounds for 
studies on Blaiaria, we were able to obtain 
samples, together with information regard- 
ing their structural formulas, solubility, 
and when known, their toxicity, for our 
studies on the structural nature of com- 
pounds that stain and retard tumors in 
mice. The results of these investigations 


which include 296 acridine antimalarials 
and 50 dyestuffs are reported in the present 
communication. 

Material and Method, The mice used 
were 40 to 50 days old inbred Bagg albino 
(our own) and Co7 black strains (our own), 
weighing 18 to 20 gm. bearing transplanted 
sarcomata, (BA, No. 1 and C57, No. 241, 
originally induced by means of l:2:5;6-di- 
benzanthracene), and mice of the dilute 
brown, J. W. Thompson’s C3H, and inbred 
albino strains bearing spontaneous maramarj’ 
gland carcinomata.^ In some experiments 
mice of the Andervont C3H strain ingrafted 
mth a carcinoma that arose spontaneously 
in a mouse of this strain were also used. 

The acridine antimalarial compounds were 
ground together until pulverized with 
Purina fox chow meal in amounts equivalent 
to 0.1 and 0.15%, the dyestuffs to 0.4%, of 
the food weight. These relatively large 
amounts were administered in order to estab- 
lish their maximum staining and retarding 
action on tumors and their toxicity to mice. 
Diets containing 25 different compounds 
were prepared and placed in amber glass jars 
with tight screw tops. Thirtj' mice of an 
inbred strain were then implanted sub- 
cutaneouslv with a measured small graft 
(5 .X 2 X l' mm.) of a 100% transplantable 
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sarcoma native in the strain used, placed in 
individual containers and given 3 to 5 gm. 
of food each (i. e. slightly more than the 
amount utilized by a normal mouse) ; 24 of 
them receiving treated and 5 untreated choTV. 
Records of food intake were not made. 

Samples of urine were examined, and the 
mice were sacrificed about 14 days later by 
which time those receiving untreated food 
were ill or moribund with large tumors. The 
treated mice were sacrificed at this time 
because sufficient quantities of only a few of 
the compounds were available for longer 
studies. 

As each mouse was sacrificed records were 
made of its condition and of the size and 
color of its organs and tumor. If the mouse 
had groNvn well (mice were not weighed), 
was in good condition, and its tumor was 
large and uncolored, the test was not usually 
repeated. Tests on mice that became ill or 
did not grow were repeated using less com- 
pound. Compounds that stained and re- 
tarded sarcoma were tested on mice bearing 
spontaneous mammarj’^ gland adeno-careino- 
mata. 

The acridine compounds tested numbered 
331 ; 27 had no amino group, 269 had one am- 
ino group and 35 had two amino groups sit- 
uated upon the acridine structure. Of the 
mono-amino and di-amino compounds 204 
stained tumor tissue. The majority of the 
compounds that stained tumor tissuebrought 
about some retardation of its growth. 

Results. Acridine Dyestuffs. The re- 
sults of our studies on acridine dyestuffs 
were the same as those preriously re- 
ported, namely, dyestuffs of Colour Index 
No. 78S stained and retarded tumors in 
mice; those of other Colour Index numbers 
failed to stain tumors. Many dyestuffs 
were toxic in concentrations equivalent to 
0.4%, the amount used in our earlier 
studies with commercial dyes, but not in 
0.2%. Samples of acridine orange were 
purified by the American Cyanamid Com- 
pany (Calco) and E.I. duPont de Nemours 
& Company to see wliether the toxicity of 
commercial dyes might he due to the 
presence of impurities. 

Acridine Aniimalariah. Oral adminis- 
tration of 49 of them, in amounts equiva- 
lent to or less than 0.15% dry weight of 
their food, resulted in stained tumors that' 


were smaller than those in untreated mice 
of the same series; 16 of them retarded 
the growth of tumors to such an extent 
that they were 1/20 to 1/40 the size of 
those in the controls (Table 2), 

The majority of the 127 compounds that 
failed to stain tumor tissue, also failed to 
retard its growdh and only a few resulted 
in unstained tumors that were less than 
1/10 the size of those in untreated mice of 
the same series (Table 3). 

A few of the compounds brought about 
marked retardation of tumor gro^vth even 
wffien administered in low’^ concentration, 
0.05% to 0.03%. These Avere "VITC-S?, 
WIN-340, and WIN-501 (see Tables 2 
and 3). Although these compounds were 
toxic Avhen fed in amounts equivalent to 
0.1%, when used in lower concentrations 
the treated mice remained healthy. 

Many of the compounds were excreted 
in bile and urine. Colored urine did not 
necessarily mean that the animal's tumor 
would be colored; on the other hand, 
tumors were not stained in animals whose 
urine was normal in color. 

As mentioned in previous studies^ 
(1946) staining of tumor tissue by com- 
pounds given by mouth results in diffuse 
coloration throughout the tumor tissue and 
is not located in granules in tumor cells, in 
cells of necrotic areas or in cells of adjacent 
tissues. 

The lymph nodes, thymus, testicle and 
intestinal w^alls of mice in which tumor 
tissue was stained were also diffusely 
stained a paler tint of the same color and 
in a few the medulla of the adrenal was 
diffusely' stained. In addition to this dif- 
fuse staining, darker yellow granules were 
found in epithelial cells covering intestinal 
villi, in macrophages m'thin villi, in cells 
of a few collecting tubules of the kidney, 
and in cells composing the kidney medulla. 
The liver was yellow in mice that received 
certain of the compounds. 

Some tumors were pale yellow ('^TC-27), 
some bright yellow (ERS-343), and some 
orange color (A-79). The intensity of the 
growth retarding action was not associated 
with the color brought about in the tumor. 
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No amino group 

No. 

Stained 

Unatained 

9, 10-position substituents 

... 16 

0 

16 

2-inethosy-9, 10-position substituents . 

... 1 

0 

1 

3-chloro-9, 10-position substituents . 

... 1 

0 

1 

l,2,3,4-tetrahj'dro-9, 10-position substituents . 

... 1 

0 

1 

2-methoxy-6-chloro-9-position substituents 

6 

0 

6 

2-methoxy-6-chloro-9, 10-position substituents 

... 1 

0 

1 


26 

0 

26 

Monoamino 

No. 

stained 

Unatained 

9-aniino 

... 6 

3 

3 

2-chloro-9-amino 

... 1 

1 

0 

3-chIoro-9-amino 

... 3 

2 

1 

4-ehloro-9-amino 

... 2 

0 

2 

2-methoxy-9-ainino . . .... 

... 2 

1 

1 

4-methox3'-9-amino . .... 

. . . 1 

1 

0 

2-methyl-9-amino 

. . . 1 

0 

1 

■I-methyI-9-amino 

... 3 

I 

2 

Benzo(a)-9-amino . . 

... 3 

2 

1 

Benzo(c)-9-amino 

... 3 

2 

1 

Benzo(a)-6-chloro-9-amino 

. . . 1 

1 

0 

3-phenyi-iraino-9, 10-position substituents . 

. . 1 

0 

1 

2-bromo-l-niethy!-9-amino 

... 1 

1 

0 

2-chIoro-l-niethyl-9-amino 

. . 1 

0 

1 

3-chloro-4-Tnethyl-9-amino 

... 1 

0 

1 

3-chloro-5-inethyl-9-amino . .... 

. . . 1 

1 

0 

2-inethoxj'-4-chloro-9-ainino 

. . . 1 

0 

1 

3-nitro-G,7-diniethoxy-9-araino 

... 6 

3 

2 

2-hydrox>'-6-chIoro-9-amino . . 

1 

0 

1 

2-inethoxj'-6-chloro-9-amino . 

. . .212 

ISS 

54 

2-methoxj'-7-chloro-9-amino 

2 

1 

1 

2-mothoxy-G-cyano-9-atnino . • . 

, . 5 

4 

1 

2-mot!iox3’-0-nJethyl-9-amino ... 

, . 1 

1 

0 

l-methyW-inethoxj’-9-amino 

. . 1 

0 

1 

3,C-dichloro-9-3niino 

1 

1 

0 

3,6-dieliIoro-4-tnethyl-9-aroino ... 

... 1 

1 

0 

>l,G-dichloro-2-inetho.x5--9-an3ino 

... 1 

1 

0 

6-ohloro-2,3-diiDetho.'5y-9-amino 

1 

1 

0 

9-(para-aniino)phcnyl-3-amino 

0 

0 

6 

9-(para-amino)phenyl-7-mcthyl-3-amino 

1 

0 

1 


270 

187 

83 

Diamino 

No. 

Stained 

Unslamed 

3,6-diainino 

. 2 

0 

2 

3,6-<iimethylninino .... 

. .. 16 

16 

0 

3,G-diacety!amino ... 

1 

0 

1 

lO-methyl-S.G-dinmino 

. . 4 

0 

4 

9-phenyl-3,&-diniothylamino 

1 

1 

0 

2.7-dimethyI-*3,G-diamino 

•1 

0 

4 

2,T-dibromo-3,C-diamino 

1 

0 

1 

2,7-dimethyl-9-phenyl-3,C-di.alkylnmin« 

5 

0 

5 

2.7,9.trimethyl-3.G-diamino 

1 

0 

I 


.35 

17 

IS 

Total 

. .331 

201 

127 


rtie cTniiiyituu!-! were accorciitiR to the German scheme of clirs'^ification. 


'.The acri'iir.c i_' 

neV,osy-C-chicro-0-amir.o 



-I ' 

/■-. / 

I 10 

•v/ ' 

n‘imi>errrl that the me-o rarfy^n atom H at jyj^ition 0. However, accord* 
arr-nr.'i the rine, .•fmil.ar compountiA came differently named; for instance, 
.crj-i:r;e, or T-xrtethoxy-lI-chloro-O-amir.o acridine.) 
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The amount of these compounds avail- 
able for our studies was too small, in most 
instances, to permit studies on survival 
time of normal and of tumor bearing mice 
so that studies on prolonged feeding were 
not attempted, A few records were made, 


however, on the size of tumors in mice 
treated longer than usual. These showed 
that D-91, D-92, D-94, WIC-1, WIC-22, 
WIN-146, A-66 and quinacrine could be 
fed to tumor bearing mice for over a 
month in amounts that markedly retarded 


Table 2.— Results With Stained Tujiohs and One-twentieth to One-fohtieth the Size of Those 

IN Untreated Mice 

Size of 

tumor No, of 

Compound 

Source 

(c.mm.) 

days 

3-chloro-7-methoxy'9-[7-(^'-diethylamino-ethylthio)propj']- 
aminojacridine, di HCl 

Sterling- Winthrop 
WIN-340 

100 

14 

9-{a)-n-piperidylamylamino)-3,4-benzoacridine, 2HC1 

Parke, Davis 
WIC-37 

120 

14 

9-(4-dimethylamino-cyclohexylamino)-7-metlioxy-3-cbloro- 
aoridine, 2HC1 

Merrell 

192R-92 

200 

14 

2-bromo-4-methyl-9-(5-diethylamino-a-metl)yl butylamino) 
acridine, di HCl 

Lilly 

ERS-343 

240 

14 

3-chloro-9-[7(ethyl-/3-hydi‘oxyethylaminO'propylainino)]-7- 
methoxy-acridine, 2HC1 

Parke, Davis 
AVIC-12 

256 

15 

2-inethoxy-6-chloro-9-(l'-n'propylisopropyiamino-4'-pentyl- 
amino) acridine, di HCl 

Lilly 

A-79 

300 

16 

2-mothoxy-6-chloro-9-(l'-ethyI-n-propy]aniino-4'-pentylamino) 
acridine, di HCl 

Lilly 

A-85 

300 

15 

4'inethyl'9-(5-diefcbylarnino-a'inethyl butylamino) acridine, 
di HCl 

Lilly 

ERS-340 

340 

15 

2-mothoxy-6-cliloro-9-(4'-diinothylamiiio-aniIino) acridine 

Parke, Datds 
WIC-27 

350 

16 

6-chloro'2-inetlioxy-9-(4-dimethylamino-butyIamino) acridine, 
dihydrocbloride 

Sterling- Winthrop 
WIN-501 

360 

14 

2-mothoxy-6-obloro-9-(2'-diathylaminO'4'-butyIamino) 
acridine, di HCl 

LUly 

A-55 

360 

IS 

7-(2-inethoxy-6-cliloro-9-acridylamino) propyl-/3-di-etliylamino- 
othyl sulfide, 2HC1 

Parke, Davis 
WIC-42 

360 

14 

2-methoxy-6-chloro-9-(l'-ethyI-isopropylamino)pentylamino 
acridine, di HCl 

Lilly 

A- 172 

420 

14 

3-c}j]orO'7-nietlioxy-9-7'dibutylamino'propylamino- 
acridine, 2HC1 

Parke, Da\’i3 
WIC-26 

432 

15 

2-inetljoxy-6-ohloro-9-3-eth5'laniino-propylainino) acridine, 

HCl 

Abbott 

D-91 

480 

15 

Atabrino dihydrocbloride Marshall 

225 

Control mice died witli tumors about 8000 to 11,000 c.mm. at 14 to 16 daj's. 

455 

14 

Table 3.— Results With Unstained Tujions and One-tenth 

IN Untreated Mice 

TO One-fortieth the 

Size of Those 

Size of 

tumor No. of 

Compound 

Source 

(c.mm.) 

days 

6-chloro-2-inethox>’-9'l7-(7-3minopropylam)no)propy)amino} 
acridine, citrate 

Parke, Damn’s 
WIC-30 

144 

IS 

9-(4-dimDtbylamino-cyclolioxjdaniino)-6,7-dimcthoxy-3-nitro- 
acridine, 2HC1 

Merrell 

192R- 190 

248 

14 

0-cliloro-2-methoxy-9-|7-(4'-diothylamino-plienylaniino)propyl- 
nmino] acridine, 2HC1 

Parke, Davis 
WIC-23 

4S0 

15 

9-(5-diothj-lamino-a-methyl) butylamino-acridine, di HCi 

Lilly 

ERS-334 

600 

IS 

2-incthoxj’-6-cbloro-9-cyano acridine 

Lilly 

J-143 

960 

17 

2-mothoxj--0-chloro-9-7-n(-pipecolino propylamino) acridine, 
di HCl 

Lilly 

A-27 

900 

13 

0-chloro-9-(o,a-dimcthyleth3nol)'amino-2-methoxyacridinc 

Parke, Davis 
WIC-35 

1050 

14 

9-«-hydroxj'-7-butenyl-9,l0-dihydroacridjne 

LUly 

1071 

17 


AL-T27 
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their tumor growth.* In a number of 
instances mice bearing spontaneous mam- 
mary gland carcinoma remained in good 
condition with retarded tumors for more 
than 42 days when given food containing 
0.1% brilliant orange 3R, Nyanza, C.I. 
No. 788. 

Compounds that stained and retarded 
tumors resulted in atrophy of the thjunus 
regardless of age, growth and general con- 
dition of the host. Tliis action on the 
thymus resulted in loss of thymocytes. In 
every instance in which the tumor was 
stained the thymus was also stained. The 
factor that brought about atrophy of the 
thymus did not influence the behavior of 
otlier lymphoid tissue. The mesenteric 
lymph nodes, the pleural lymph nodes and 
those in the axilla and groin remained 
approximatelj’’ normal in size even when 
stained by the compound. 

Microscopic preparations showed the 
presence of many cells undergoing mitotic 
division in tumors in treated mice, even 
though the tumors in untreated mice in- 
creased in size more rapidly than those in 
treated ones. Tumors in untreated young 
adult mice about doubled in size every 36 
to 48 hours; grafts grew into tumors 900 
to 1000 c.mm. in 7 days and 8000 to 11,000 
c.mm. in 15 days. Figures showing cells in 
prophase, metaphase and anaphase were 
abundant in preparations of retarded 
tumors; on the other hand few pycnotic 
nuclei occurred. From this it seems e\'i- 
dent that multiplication took place slowly 
rather than that the dnigs act as caryo- 
lytic poisons. In a few instances, where 
large enough quantities of compounds were 
available to prolong the treatment, the 
tumors continued to grow slowly and after 


many days (30 to 40) they became moder- 
ately large tumors. 

Discussion. Studies on malignant 
growths have established a general rela- 
tionship between the well being of the host 
and rate of growth of malignant tissue. 
Agents that lower the growth rate of the 
host retard the grovdh of malignant tissue. 
In our e.\-periments it was found that con- 
sumption of food containing toxic sub- 
stances as well as lowered consumption of 
food resulted in retardation of the growth 
of both host and tumor. On the other hand 
retardation of tumor was not necessarily 
accompanied by ill health of the host. 
Some health}', well grown mice had large 
tumors, others small tumors, depending 
upon the compound they received. 

The retarding action of certain com- 
pounds, for instance A-79 and D-91, was 
so consistent that they were used to test 
whether the addition of vitamins, nucleic 
acids, coenzymes, surface active agents, 
etc., would increase or decrease the retar- 
dation of tumor growth in mice fed these 
compounds. Our results indicate that 
addition of nucleotides and thiamine to the 
diet in some measure counteracts the 
action of acridine compounds, but they are 
not as conclusive as those of Mcllwain’* 
(1941) and Hegsted, McEbbin and Stare” 
(1945). Mcllwain suggested that the nti- 
cleotides form complex salts with acri- 
fla^^ne components and that the dye might 
act in this manner to inactivate enzyme 
systems of which nucleotides are an essen- 
tial part. He found that B. coli was in- 
activated ijy acriflavine, but could grow 
in tlie presence of acridine compounds with 
the addition of nucleotides which were not 
needed for growth of untreated bacteria. 


• 2-rocllioxy-0-c!iloro-0-(.'5'rncthylatnino-2-nicthyI-propyl.'»niino) 
neriUinc 

G-cy!vno-9-(3-<’thyliiminopropyIamino)-2-mctIioxj'ncrifimc, 

hydrocSilnri'lc 

t>-(.'5'-<Ji«'*.hyI.'>minomct}iyl-<'-l>ydroiy-anilino)-0-cIilori>-2- 

m'-thoiy-'icrirlinr' 

0-(3'-e.-buty!flhyIamino-rnethyl-r-hyriroxynniIino)-2-mcthoij-- 

O-cJilo.'otc.-i'Jine. 2}!C! 

O-sminrarriiiine hyd.-ocisloritie 

2-m'-thriiy-C-«h!orrv-0-(4'.<iii*opropyl.immob«tylamino) 
scri'iir.'* dibydrochinride 

‘.>-{6'-'4!Iy!-o'-di,'thy!.im!notR/‘*.hy!-{’-hydrr,r5-nnHino).<>-r!iI')rr,- 

2-rr;**.boij'»i-ndir.,‘ 


Abbott 

D-92 

.•\bf)ott 

D-9J 

Parko. D.a^ds 

WIG -I 

Parfcp, Davii 

WIC-22 

StPrliDK-Wintlirop 

Lilly 

WIN-Hf. 

A-OC 

P.^rke. Duvj- 

WfC 2 
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Hegsted, McKibbin and Stare^^ found in 
studies on rats that the addition of ata- 
brine to a thiamine deficient diet delays 
loss of weight, onset of symptoms, and 
death. Animals receiving low levels of 
thiamine along with atabrine showed 
greater weight gains than controls, so that 
atabrine seemed to have a “thiamine 
sparing” action. 

Atrophy of the thymus occurs in mice 
due to age and to wasting diseases, but 
the loss of the cortical portion of the 
thymus in mice fed non-toxic, tumor re- 
tarding compounds was too constant to be 
attributed to the host’s general condition. 
Van Herrswynghels®^ (1934), who studied 
the action of trypaflavin on the thymus 
and other lymphoid organs, claims that 
the manifestations presented by these tis- 
sues show that the thymocytes are differ- 
ent from lymphocjdes. This view seems to 
be confirmed by our results. Atrophy of 
the thymus, however, cannot be attributed 
to the action of acridine compounds in 
particular since we found that it accom- 
panied retarded tumor growth whether 
produced by acridine, rhodamine or oxa- 
zine dyes that stain tumor in vico. 

The influence of various compounds, 
particularly acrifla^^n, on mitosis has been 
studied by Dustin and Gregoire,’ 1934; 
Mayer 1934; Dustin,® 1939; Brock, 
Druckrey and Herken,'^ 1939; and Ander- 
vont,'^ 1940. These inr'-estigators found 
that mitotic division could be interrupted 
in prophase and anaphase or stopped in 
metaphase by certain substances (trypa- 
fla^’in, sodium cacodylate, colchicine and 
others) which they termed caryolytic poi- 
sons. The investigations of caryolytic poi- 
sons in general showed that tumor cells are 
not influenced by all substances that 
effect other tissues. Colchicine produces a 
greater accumulation of mitotic figures in 
the thymus, germinal lymph centers, 
glands of Lieberkuehn, testicles and tumor. 
Trypafiann brought about onl}' slight re- 
tardation of mitosis in tumor tissue while 
it ca\ised intense reaction in the tl]ymus. 
Dvistin and Gregoire’ found tliat tumor 
cells show great sensiti^•ity to agents that 


excite mitosis (sodium cacodjdate) and a 
great resistance to agents that retard 
mitosis (trypaflavin). 

A few of the acridine compounds have 
been used as therapeutic agents in studies 
on cancer by Lendn^® (1920); Marsh and 
Simpson'® (1926); BluraenthaP (1931); and 
Lettre'^ (1941). Marsh and Simpson 
injected mice bearing spontaneous mam- 
mary gland carcinomata with acridine 
orange and with acriflavin intravenouslj'^ 
and subcutaneously during an average 
period of 34 days. They found that the 
treatment had little therapeutic effect on 
tumor growth. Lettre reported that trypa- 
flavin inhibited complete mitosis and that 
daily injections of 0.025 and 0.05 mg. into 
mice implanted with an “ascites tumor” 
delayed the development of the tumor and 
prolonged the life of treated animals. 
Other investigators have reported that 
trypaflavin does not effect mitosis of tumor 
cells. Ascites tumors, however, are formed 
by growth of malignant monocytes, not by 
fixed tissue cells (Farris and Yeakel,® 
1944.) 

Lewin'® and also BlumenthaP employed 
trypaflavin and argofla\dn intravenously in 
the therapy of human malignant tumors 
and reported that improvement followed 
for short periods of time. In our studies on 
mice it was found that while a number of 
acridine compounds had marked growth 
retarding action, none of them retarded an 
actively growing sarcoma or carcinoma 
sufficiently to have therapeutic value. 

Structural Analysis. The acridine 
antimalarials were in solid, usually powder 
form, and the majority of them were 
hydrochloride or dihydrochloride salts. 
The solubility in water or some other 
solvent was known for many of the com- 
pounds. However, this failed to account 
for the power to stain or failure to stain 
tumor tissue which resulted from the 
administration of many of the 9-amino 
acridines. 

Albert ct o?.' (1945) have demonstrated 
that higWy basic acridines are almost 
completely ionized in solution to give 
cations, and that compounds which lack 
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amino groups have poor ionization and 
antibacterial acti%'ity. No data were avail- 
able as to the ionization of the compounds 
tested for tumor staining. Therefore, we 
cannot determine whether adequate ion- 
ization is a prerequisite for staining, allow- 
ing other factors, such as side chain con- 
stitution and ring substituents, to become 
manifest. Indirect e\ndence, however, on 
the necessity of adequate ionization is the 
fact that all compounds lacking an amino 
group as a substituent of the ring failed 
to stain tumors. For diffuse staining of 
tumors, cationic ionization appears essen- 
tial. ^^^len acidic groups were introduced 
into the side chains of the 9-amino com- 
pounds, the compounds did not stain. 

In the group of the 2-niethoxy-G-chIoro- 
9-amino (substituted) acridines, from 
which the largest number of compounds 
were tested, it is difficult to decide from 
the structure of the 9-amino chain, the 
elements determining staining. Large addi- 
tions to the molecule, as seen in 2-methoxy- 
G-chloro-9-[2-(2'-methoxy-6'-chloro acrid- 
ylamino) etliylamino] acridine, interfered 
with coloration of tumor tissue. The 
majority of the hydroxy derivatives of 
9-aminoacridine in which the hydroxyl 
groups were situated off of the alkyl- 
amino-alkyl chain did not stain tumor. 
.■\cranil , 3-chloro-7-inethoxy-9-(2-hydroxy- 
3-dicthyIamino-propyiamino) acridine, di- 
hydrociiioridc, and Nco-acranil, ,3-chIoro- 
7-mcthoxy-9-(2-hydroxycthyl-amino-ethy- 
iamino) acridine, dihydrochloride, did give 
staining of turnons. Goctchius and Law- 
rence’ (19-1-1) found these two compounds 
less effective as bactericidal and bacterio- 
static agents than other amino-acridines. 
It was found by Browting and Cohen^ 
11921) and I.innell and Stuckey’’ (1940) 
that the hy<iroxy derivatives of acritiine 
were inactive against bacteria. Only two 
romjKumds. in which the hydroxy-gTOups 
were .suhstituent.s of the acridine structure, 
namely G-chlortv9-aminn-2-acridol, hydro- 


chloride, and 2-hydroxy-6-chloro-9-(l'- 
methyl-4'-diethylaminobutylamino) acri- 
dine, dihydrochloride, were available for 
tests on tumors and thej' failed to stain 
tumors. 

Certain substituted 9-amino acridines 
such as 9-(4rdiethylamino-l-methyl butyl- 
amino) acridine which did not stain tumors 
or become concentrated in tissues did so 
if a 6-chloro, cj'ano, nitro or methyl group 
was present. Concentrations in tissues 
dependent upon the 6-chloro substituent 
are described in the analyses of Taggart-’ 
(1946) who found that 2-methoxy-6-chloro- 
9-(3-ethy]-amino-propylamino)acridinebe- 
came concentrated to a greater e.xtent in 
tissues than 6 other compounds analyzed 
by him. If retardation of tumor growth as 
well as staining are considered, it became 
exndent that the majority of the 9-amino 
acridine compounds that stain tumor ns 
well as retard it show dialkyl-amino-alkyl- 
amino chains in the 9-position. Increase 
in the size of the alkyl chain of the 9-amino 
derivatives xsnth increase in the lipophilic 
properties of the compounds was no deter- 
rent to staining of tumors. 

Hata” (1932) stated that the staining 
and penetrating properties of dyes of the 
proflavine and trypafla^dne type were 
associated with 3,6-diamino groups. Pro- 
flavine, or 3,6-diamino acridine, on oral 
administration docs not stain the host’s 
tumor while Acridine orange, or 3,6-dime- 
thylamino acridine stains tumors diffusely. 

Further studies with various monoamino 
and diainino acridines may determine the 
structural requirements for staining. 

Summary. In our investigations on 
the structural nature of compounds that 
stain and retard tumor growth in mice, 
331 acridine compounds (26 non-amino, 
270 monoamino and 3.5 diarnino) were 
administered orally to tumor-bearing mice 
in known percentages of dry weight of 
their food.* 

Two hundred and four of them stained 


• ,V tiLV I-vM firi'p'v.-,**! t’le -trurtarnl fornait;e of tho .'IS! nrrjriino comr,<jiire!‘t 

rK'-ir -o'lr*’,'. nnriiJK'r of U:\y-* ft-U, of roJor nt mUoa-y of tfjo 

r’t! *" nr«' rirrmir-i! of a^ri'hnf* ort niirn!K*r of nniino 

{ (■■T: '’I'Ti’liLt* njrvy Ik* hji'i at to llii** ^tr to ft 
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tumor tissue (0 non-amino, 187 mono- 
amino and 17 diamino). The majority of 
compounds that colored tumors also 
brought about' some retardation in their 
growth. The amount of retardation caused 
by 33 of the acridine compounds resulted 
in tumors that were 1/10 to 1/18 the size 
of those in untreated mice and 16 of them 
retarded tumor growth to such an extent 
that when the untreated mice died (14 to 
16 days) with tumors measuring 8000 to 
11,000 c.mm., the mice that had been fed 
these compounds were healthy and had 
tumors measuring 200 to 455 c.mm., or 
1 /20 to 1/40 that size. 


The administration of acridine com- 
pounds did not prevent tumor growth or 
bring about regression of growing tumors. 
It simply slowed the rate of multiplication 
of tumor cells. 

The majority of the 9-amino acridines 
that stain tumor tissue as Avell as retard 
its growth show dialkyl-amino-alkyl-amino 
chains in the 9-position. Analysis of the 
results from our studies on acridine dye- 
stuffs and antimalarials has shown the 
importance of the presence of amino 
groups as substituents of the acridine 
structure for staining. 
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GOUT: EEPORT OF AN UNUSUAL CASE IN A YOUNG MAN 
Bt Morton E. Berk, M.D. 

ATTENDING PHYSICIAN, ST. FRANCIS HOSPITAL 
HONOLtTLtr, T. H- 

(From the Department of Internal Medicine, The Medical Group) 


Considering the prevalence of gout 
and our ignorance of much of its etiology 
and pathogenesis, there are comparatively 
few articles on the subject in current 
literature. Neuwirth® recalls that Daniel 
Sennert in the Sixteenth Century cailed 
gout the “physician’s shame,” opprobrium 
medicorum. The disease remains in that 
category, for there is still little we under- 
stand about this curious, crippling afflic- 
tion. 

Recently I attended a case of gout in 
which the bone and joint destruction were 
so far advanced that no parallel could be 
found in the literature examined. There 
were other aspects which were unusual 
enough to warrant a presentation of the 
case. 

Report of Case. A. A., a 28 year old 
Filipino man, was admitted to the medical 
service at St. Francis Hospital, Honolulu, 
March 25, 19-lG. He was complaining bit- 
terly of pain and swelling in his joints, 
particularly the distal intcrphalangeal joint 
of his left small finger. A few months pre- 
viously his left hand had been caught in the 
drive-chain of a tractor. The pain had been 
.slight until 4 days before admission at which 
time it became ver>' severe. He had no 
complaints referable to other .sj’stcms. 

Past Uhlonj. The patient is a Filipino 
bom in San Fernando, Luzon, P. I. He 
recalled that before he was 11 j-ears old he 
had recurrent bouts of pain in the meta- 
tar.=ophnlnngc.al joint of both great toes. 
These continucel at odd intcr\'nls through 
puberty and ndole^^cencc. Between thc.=e 
attacks he had neither pain nor limitation 
of motion. In 1080 he arrived in the Tcr- 
ritora- of Ilav.-aii to work on a snear planta- 
tion on the Island of K.auai. In M.aj", 1010, 
iiecau'e of pain and defomiity in his richt 
Croat (oe, an opor.ation* was perfomied in the 
plantation ho'jiit.al and the contents at the 
t'a'e fif the seeond ph.alanx were nmovefl. 
These proved to Ix' s'siium urate cra-stals. 


Unfortunate!}' the patient was not aware of 
the diagnosis of his ailment. 

Januaiy 3, 1945, he was admitted for the 
first time as a private patient to St. Francis 
Hospital. His chief complaint was of pain 
in all the small joints of his extremities and 
in his spine. His oral temperature was 
103.4° F. The positive clinical findings 
noted on the chart were confined to “sw'elling 
and pain of the small joints of the extrem- 
ities.” The ailment was diagnosed as chronic 
atrophic arthritis, and the patient was given 
supportive therap}' plus sulfanilamide. He 
was discharged afebrile and free of pain on 
the 6th hospital da}'. 

He was readmitted Januat}' 23, 1945 with 
swelling of his knees in addition to the pre- 
'I'jous complaints. This time his temperature 
was 102° F. He was put on the same regimen 
as before, and he was discharged on the 7th 
hospital day after the swelling and pain had 
disappeared. His diagnosis was rheumatoid 
arthritis and acute recurrent septic arthritis. 

Family History. Non-contributor}'. 

Dietary History. His diet had usually 
included milk, rice, vegetables, fniits, fish, 
and occasionally eggs or pork. Alcoholic 
beverages had rarely been taken before he 
left Luzor}, and the amount he had had since 
his arrival in Hawaii was minimal. 

Physical Examination. The patient wa.s 
thin and undernourished; his face reflected 
anxiety and pain. His temperature was 
101.4° F. AH the positive findings were in 
the extremities. ^Iost of the joints in the 
cxtremitic.=5 iverc swollen, tender, and de- 
formed; their movement was ver}- restricted. 
Both iiands deviated ulnar-ward. The distal 
interphalangc.al joint of the right .5th finger 
w.ns extremely tender, and purulent material 
(Tabic 2) was trickling from if. The right 
great toe was shorter than the left; and the 
.scar from a previous operation was visible. 
Drainace of the infected finger was cst.alx 
lished and penicillin therapy instituted. A 
small “cy.sf' behind the right ear was opened, 
and the chalky material it corit.aineil proved 
to I>e sodium urate crystals. TliC 
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ray photographs (Figs, 1 and 2) suggested 
gout, but because of the amount of destruc- 
tion involved the diagnosis was not definitely 
ascertained until the crystalline material had 
been removed. 

The patient was relieved of pain by 
colchicine. A purine-free diet, vitamins, and 


whole-blood transfusions rounded out the 
medical regimen. After surgical consultation 
the tophaceous material was removed from 
the left great toe and a partial amputation 
of the toe was done. The same procedure 
was carried out on the finger that had been 
infected. Improvement followed. Ambula- 



Fig. 1.— Rocntgenopram of foot showing advanced destruction of bone and joint. 
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tion was gradual, and the patient was dis- 
charged May 18, 1946 to the Maluhia Con- 
valescent Home for further care. 

Comments. This case has many as- 
pects which contradict the traditional 
features of gout. It is rare indeed to see 
it in a young boy. Lansbury® includes age 
of onset as a diagnostic aid and points out 
that the first attack seldom occurs before 
the age of 35. Yet this patient was able 
to describe vividly gouty symjgtoms which 
appeared before he was iT^ars old. In 
the 100 cases analyzed by McCracken 
et al} the earliest onset was in a youth 


The tophus which confirmed the diag- 
nosis was unusually located. It is common 
to find them on the ear margins, but this 
one was found behind the right ear and 
had the appearance of a sebaceous cyst. 

The finding of hyperuricemia is taken 
as indicative of gout in those individuals 
who have arthritis. This patient on 5 
different occasions had blood uric acid 
determinations under the outside normal 
limit of 5 mg. per cent. Bauer and 
Klemperer^ point out that the uric acid 
concentration does not reflect the severit}’^ 
of gouty arthritis. The suggestion that 


Table L— Normouricemia and Blood Indices Showing Inflammatori' Element in Acute Gout 


Jan. 1945 Mar. I94G 

Apr, 1940 

May 1946 

3 23 ’ 25 ' 

1 G 

26 17 ' 


Blood uric acid, mg./lOO cc. 

. • • 


3 3 

3 0 

4 0 

3 6 3 7 

Sedimentation rate, mm./60 min. . 

• . • 


100 

128 


117 

Red blood cells, m./c.mm. . 

. 3 98 

3 03 

3 62 



4 40 

White blood cells/c.mm. 

. 12,750 

11,650 

23,500 

9900 

7600 


Hemoglobin % (Sahli) .... 
Differential blood count: 

. 82.4 

59.4 

‘ * 

' ' 

72 6 

.. 84.0 

Polymorphonuclears .... 

93 

90 

91 

72 



Lymphocytes 

7 

10 

7 

28 



Basophils 

. 

• • 

2 





aged 19. There are no reliable statistics 
available as to the incidence of gout 
among Filipinos. According to the patient, 
there was no one else in liis community on 
Luzon that suffered from the same type 
of ailment. Checking the records of the 
Queen’s Hospital during the past 10 years 
for gout in Filipinos, I found but 1 case; 
but since a total of only 74 cases had been 
admitted (and diagnosed), this incidence 
is without significance.* 

Sj^denham’s® classical description of gout 
appears to be the basis for the belief that 
this ailment is more prone to affect people 
who eat rich foods and imbibe freely of 
alcoholic beverages, though "poor man’s 
gout” is also recognized. jMy patient had 
always been pathetically poor until he 
came to Hawaii. A basic food intake 
supplemented rarely by an alcoholic 
beverage composed his diet. Obviously 
diet had little influence on his contracting 
gout. 


old cases of gout and gouty arthritis may 
have lower levels of blood uric acid than 
early cases was confirmed in this patient. 

The roentgenograms (Figs. 1 and 2) of 
a hand and foot showed extensive bone 
and joint destruction. On this basis alone 
the involvement might well have been 
interpreted as due to a malignant neo- 
plasm. This interpretation was at first 
suggested by a competent roentgenologist 
after he had e.xamined onl 3 " the Roentgen 
ray photograph of the foot; but the pres- 
ence of the lesion in two extremities made 
the diagnosis of malignancy unlikely. 
There are numerous punched-out areas 
visible in the bones, but no roentgenol- 
ogist could be expected to make an un- 
equivocal diagnosis of gout from these 
pictures. hlcCracken ct al} quote McClure 
and McCarty on this point and conclude 
with William’s statement of a quarter of a 
century earlier that Roentgen ray is of 
little ser\dce in diagnosing gout, and it 


* In .luiip, 1945 tlic Torritori.-il Bo.nrd of Health statistics sliowed 47,863 Filipinos in the Territon- 
of H.nwaii. 
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may “lead one to arrive at vTong con- 
clusions/' Neuvirth® emphasizes this same 
point. 

Linton and Talbott^ show many inter- 
esting Roentgen ray photographs of cases 
■which received surgical treatment. These 
exhibit more destruction than any others 
found in the available literature, and the 
results they obtained by careful removal 
of the tophaceous material is well demon- 
strated. Relief from crippling pain fol- 
lowed their surgical measures, and it was 
our desire to achieve the same goal in this 
case. This was accomplished ■with eventual 
rehabilitation of the patient. 

It has not been sufficiently stressed in 
the literature that the acute arthritis due 
to gout is of an inflammatory nature. 
There is ample evidence to support this 
(Table 1). On each of the three admissions 
there was a moderate leukocytosis and a 
definite increase in the number of poly- 
morphonuclear leukocytes. After the 
process had subsided, the leukocyte and 
the differential counts returned to normal. 
Although the sedimentation rate was over 
100 mm. after GO minutes when the patient 
tvas admitted in March 1946, it must be 
recalled that the patient did have a 
purulent infection in his finger. However, 

1 montli after admission the sedimentation 
rate was 117 mm., and there was no sign 
of pus at that time. This would suggest 
that the high sedimentation rate present 
at the time of admission was primarily 
due to the gouty arthritis. Further e\-i- 
dcnce was obtained by removing fluid from 
the left knee joint (Tabic 2). This fluid 
had a specific gravity of 1.02.3, witli 2.50 
{joiymorphonuclcars per cu. mm. 

TAner. 2.— ExAMiKATroN or Excdattb 

CuUur- (row FIsH from 

finr**r kr.^A 

•March 25. Xon-hcraolytic Sp. Rf. 1.02.'? 

£;.iph. nurru' 250fcUi {iK)!y?.) 

CuUutr— nre- 

■kpri! Ni*k. for funei 

In addition to the laboratory data, the 
temperature curve ■w.as above normal dur- 
ing all period.*' of pain. With rolchidnc 
and di''teiie therapy tiu- temperature (and 


pulse) returned to normal in a few days. 
There were a few exacerbations during 
the hospital stay, but they were mild in 
comparison to the attack which brought 
the patient in for treatment. 

Discussion. Though there is still no 
adequate knowledge of the etiology of 
gout, certain negative statements can be 
made: (1) It is well established that 
hyperuricemia is not the cause of gout. 
Fiessinger- clarifies this stand and discusses 
the etiology from the standpoint of hered- 
ity and allergy. If gout ever becomes 
more readily diagnosed by the clinician, 
it is probable that hereditary influence 'S'lll 
assume a more important aspect in our 
study of the disease. (2) Eating rich foods, 
particularly those high in purine content, 
is no more the cause of gout than is eating 
a high starch diet the cause of diabetes. 
The disease process must be present in 
some degree; then the diet may precipitate 
clinical symptoms. It is not only gout's 
etiology concerning •u’hich we are ignorant. 
Colchicum and its alkaloid derivative 
colchicine, the drugs of choice for the 
therapy of acute phases, act in a way 
unkno'u'n to us. Yet colchicum was used 
for treatment of joint attacks as long ago 
as the Seventh Century.® 

The importance of the clinician recog- 
nizing the diagnosis of gout as a possibility 
in any case of arthritis cannot be over- 
emphasized. That gout can mimic rheu- 
matoid arthritis, polyarthritis due to rheu- 
matic fever, acute osteoarthritis and acute 
arthritides due to bacterial infection 
should be obvious from the case history 
submitted. Since the prognosis and ther- 
apy for gout arc widely divergent from 
other joint ailments, it i.s imjmrtnnt for all 
physicians to con.sidcr gout seriously in 
their differential diagno.sis of joint disease. 

Summary. .A ea.ce of gout is i)re,''ented 
in which the following iinii.stinl fcatun-S 
occurred: 

1. Tlic oa=ot was prevdou.s to the 
patient’s clevcntFi birtiiday, 

2. The patient'.*; diet was ru-ver very 
higli in purines. 
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3. The roentgenograms displayed bone 
and joint destruction in excess of any 
found in the available literature. 

4. Hyperuricemia was not present in 
several laboratory determinations. 

5. A tophus was found behind the ear. 


Criteria demonstrating the inflamma- 
tory nature of gouty arthritis are pre- 
sented. 

Physicians are reminded that gout can 
simulate other joint disease. 
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Reports of groups of cases of polio- 1904 to 1942. In adfJition, even in the 
myelitis from tropica! regions and from absence of reports of eases from tropical 
the Orient arc likely to contain an e.xcos- countries one is struck bj' the not infre- 
.sive proportion of Europeans or Americans quent development of the disease there 
who not infrequently contract their dis- in .a visitor from this country. Inconforrn- 
ea.ee while on even brief visits to these ity with many instances of this particular 
arca.e. TliL observation is remindful of behavior of the disease, similar occurrences 
the well-known epidemiologic principle of poliomyelitis in British, American and 
that outsiders coming into enflemic or Australian troops in the Middle Ea.st, 
sccilcd areas are, by reason of lack of Philippine Islands and in North China 
immunity from previous e.xposurc, more and Japan and in larger niiinhers (cited 
liable to attack than re.-iidents. But there by Sailin'”), has brought the phenomenon 
is tliL important reversal: hero the “out- to the attention of a number of ol).«erv- 
siders” have come not from areas where er.s,”-*’ ” made it the suhjeet of exfen.sive 
the dLe.a.ee ii le.'is, l,iit Avhere it L vinrr investigation, and a.s ivell, the ha.si.s of 

prevalent. Fiirtliennore, the age of the.=e far-reaching generalizations eorieerning the 
patient.s is as a nile lii-tinetly higher than ejiideiniology of the dLease. The apjiarenl 
that of native jiatifiitv. .\n e.xample L immediate ejiuse of the phenomenon i.s a 
the rejKirt of 'laylnr on jioliomyeliti.s oc- higher level of immunity in native.! ((!<•- 
earring on tin- i-thmu-- of I’.anama” from veloping earlier in life as a result of more 

• IrrrriC-.in^i e: ef rJ #■ rr»a^iv-! vegf. vi.-u- fiiair.V’jt'hf't frorrj ifrirniifiOAte.n wilii 

t 
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frequent exposure to the virus in individ- 
uals while probably still under the pro- 
tection of maternal passive immuhity). 
On the one hand the areas where the 
phenomenon has been observed include 
in general those with poorer sanitation. 
On the other hand reasons are seen for 
believing that poliomyelitis in temperate 
climates has changed “from a sporadic to 
an epidemic disease” in the last 50 or 
60 years coincident roughly with improv- 
ing sanitation, vdth a shift in age distribu- 
tion to older ages. These considerations 
coupled witli the presence of virus in 
intestinal discharges, so much emphasized 
in recent years, have led to the formulation 
by some of the tenet that “poliomyelitis 
is the price Ave pay for sanitation.”^®’^®’®“ 
In addition to its inference with respect 
to the mode of spread of the virus of 
poliomyelitis, this all implies that the 
disease in temperate climates in presani- 
tation days behaved as it does now in the 
tropics. It also implies an exactness of 
correlation which does not seem probable 
between climate and improved sanitation 
extending all the Avay from Tasmania to 
Greenland. It further implies that cli- 
mate 'per sc is not a fundamental factor in 
the epidemiology of this disease. 

Before deciding that man-made sanita- 
tion is responsible for such a difference in 
the behavior of the disease in Avarmer and 
cooler climates and has produced such a 
quick change from sporadic to epidemic 
occurrence in temperate climates, and 
before accepting these accompanying im- 
plications, it AA'Ould be well to examine 
the record of the occurrence of the disease 
in point of time (also man-made), upon 
AAdiich the idea is based. Comparisons 
should be made Avith other diseases AA'hich 
exhibit the same behaA'ior — and in AA’hich 
the A'arious elements inA’olved are more 
amenable to measurement. Finally it is 
necessary to seek in the information thus 
accumulated an e.xplanation Avhich might 
apply not to just one of its members, and 
AA-ith an clement of doubt, but AA’ith more 
certainty to all of the group of diseases 
whicli exhibit the identical phenomenon. 


Change From Sporadic to Epidemic? 
That a|disease is “on the increase” has 
alAA'^ays been one of the most potent argu- 
ments in the launching of campaigns, but 
at the same time one of the most difficult 
of epidemiologic features to establish. 
There are many examples of apparent 
increases in disease which are clearly the 
result of the separation (frequently by 
the keen mind of a single observer) of 
clinical entities from larger classifications 
in Avhich they had been included — or 
better, actually submerged. It Avould be 
difficult today, for example, to make any 
comparison betAveen the actual incidence 
of appendicitis in the periods before and 
after Reginald Fitz. Again some adA^ance 
in administratiA'^e, diagnostic, or thera- 
peutic procedure may initiate or increase 
the recording of a disease not pre\dously 
coming cA^en AAuthin clinical recognition 
(c. g., Aurus pneumonia and non-tubercu- 
lous pulmonary calcification). 

The apparent increase in the occurrence 
of poliomyelitis in the last 20 years as 
compared Avith the preceding 20 year 
period is eAudently attributable to increase 
in the recognition and reporting of non- 
paralj'tic (or preparalytic) poliomyelitis, 
AAdiich AA\as raised to a neAv leA^el in 1927.®“-^^ 
There has been no such increase in the 
more stabilized reporting of deaths.^^ 

Indications of the occurrence of polio- 
myelitis can noAA’^ be traced to the earliest 
times in the records and preserA'ed remains 
of human history, but in medical literature 
it AA'as not until the beginning of the 
19th century that it began to emerge as 
a disease entity from the heterogenous 
group of accepted but little noticed “ crip- 
pled and deformed.”^® It AA'as through 
case descriptions of a particular kind of 
crippling AAdiich included some attempted 
association Aidth one or another specific 
cause, that the concept of an epidemic 
infectious disease began to take form. 
UnderAA'ood’s “Debility of the Lower 
Extremities” is generally regarded as the 
first of these: “Not a common disorder, 
attacking children seldom under 1, or 
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ring in epidemic proportions/’®'’ One of 
us remembers 2 individuals in his small 
home town in Georgia who had ahvays 
been known only as "cripples” but who, 
after the occurrence of poliomyelitis in 1 
of their children many years later, were 
both diagnosed as having had poliomye- 
litis in August, 1889— an attack rate in 
that small population equal to that of the 
New York City 1916 outbreak and coin- 
ciding in time with Medin in Sweden. 

Age Distribution. The age distribu- 
tion of “ the immunizing infections of 
childhood” is a reflection of both oppor- 
tunity for exposure and immunity existing 
at the time from previous exposure. One 
determinant in the rapidity and extent of 
exposure to and development of immunity 
from exposure is density of population. 
Perhaps the most clear-cut example of 
this is the occurrence of measles at younger 
ages in urban populations than in rural 
populations in the same region. The 
disappearance to a large extent of the 
urban-rural difference in the age distribu- 
tion of measles in manj'- parts of the 
United States in more recent years has 
been attributed to the “urbanization” of 
what has been designated as rural popu- 
lations. Such factors as increased facili- 
ties for transportation and consolidation 
of schools are generally considered as 
contributory. 

Clinical observation alone has been 
sufficient to establish measles as one of 
the "immunizing infections of childhood” 
without benefit of either tests for detec- 
tion of virus or of immunity resulting 
from infection. If only cases of measles 
with complications (middle ear, pneu- 
monia, or post-measles encephalitis, for 
example) were recognized, that is if the 
rash had never been seen, the distribution 
of “measles” would only dimly reflect 
the dissemination of the virus and could 
not be fitted into any epidemiologic pat- 
tern in the absence of tests for virus or 
for immunity. The conception of the 
epidemiology of measles would be as 
vulnerable to challenge as has been the 
epidemiology of those diseases where in- 


fection and the development of immunity 
is largely subclinical. Both- Frost and 
Wenstedt many years ago interpreted the 
age distribution of poliomyelitis and espe- 
cially the more rapid decline in cases Avith 
age in urban than in rural populations 
as likewise indicative of Avidespread sub- 
clinical immunity wliich accumulated more 
rapidly in urban than in rural populations. 
From a comparison of the age distributions 
of measles, diphtheria and poliomyelitis 
in urban and rural populations, it Avas 
concluded that the virus of poliomj’^elitis 
attained a distribution equal to that of 
measles and diphtheria and it was inferred 
that the mechanism of infection Avas the 
same for the 3 diseases, the essential epi- 
demiologic difference being the frequency 
with which those exposed to the infectious 
agents dcA^eloped clinical disease or sub- 
clinical infection. In measles there is a 
lack of evidence that subclinical infection 
occurs, but there is the possibility that 
exceptional individuals, giAung no history 
of measles are presumably immune since 
they fail to deA'^elop the disease even upon 
repeated exposure. It may be that they 
AA'ere actiA’^ely immunized through modified 
measles (unrecognized) resulting from ex- 
posure at a suitable time during the short 
period of their maternal passiA’^e immunity. 
In diphtheria subclinical infection is rough- 
ly 10 times that of clinical infection, and 
in poliomyelitis more than 100 times as 
great.^“ 

In warmer climates even in less denselj’^ 
populated areas, the age distribution of 
certain of these diseases notAAdthstanding 
loAATr incidence indicates that dissemina- 
tion of their infectious agents with result- 
ing immunity takes place eA’^en more 
rapidly and extensively vdth reference to 
age than in cooler climates. Doull-^ has 
shown that in diphtheria, scarlet fei^er and 
poliomyelitis there is a higher concentra- 
tion of cases at younger ages in tropical 
and subtropical than in cold climates, a 
phenomenon interpreted by him as an 
indication of earlier and more AAddespread 
immunity in warmer climates. As he said, 
subclinical infection is regarded as being 
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more frequent in these climates than in 
colder latitudes where clinical forms are 
much more common. 

Even vdthin this country the same 
climatic difference can be discerned. It 
was noted, in 1929, that in spite of lower 
incidence of poliomyelitis in the South, 
the age distribution indicated “that im- 
munization, as in diphtheria, is accom- 
plished . . . with a rapidity equal to 
that in the North; this may in turn be 
regarded as e\ddence that the virus spreads 
to the same extent in the 2 parts of the 
country. It should be remarked that the 
close approximation bet^veen the age dis- 
tribution in New York City and in the 
Southern States, the latter comprisinga 
comparativelj' rural population, suggests 
that the wus may spread with even 
greater rapidity in the South from the 
point of %aew of age, and that the possi- 
bility of infection vith the virus earlier 
in life in the South may be a factor in the 
production of the relatively more extensive 
subclinical immunization in the southern 
population. It should be stated, however, 
that there is no positive e^ddence that 
infection at earlier ages (per se) tends to 
produce subclinical immunity, excepting 
(by analogy vdth measles and diphtheria) 
possibly during the first few months of 
life, when there may be a temporary 
immunity derived from an immune mother 
which, if infection occurs during this short 
period, might bring about an active sub- 
clinical immunity.”^*’ 

Thus, insofar as age distribution may 
be taken as a reflection of the rapidity 
and extent of \'irus dissemination, it would 
appear — from the fact the patterns are the 
same — that the mechanism of dissemina- 
tion (and immunization) are the same in 
a group of diseases including diphtheria, 
scarlet fever and poliomyelitis, and that 
all 3 diseases exhibit the same evidence of 
earlier exposure in warmer than in cooler 
climates. The effect of an eiddent de- 
crease in dissemination of the diphtheria 
bacillus (usually attributed to artificial 
immunization) in northern United States 
and Canada in recent years, on the age 


distribution of diphtheria, has not been 
examined. 

Immunity. The epidemiologic infer- 
ences from studies of the age distribution 
of these diseases in respect to widespread 
dissemination and immunization (more 
largely subclinical, as so ably set forth by 
Wickman in liis classic monograph on 
poliomyelitis) hai'e been amply borne out 
chiefly bj' actual tests for immunity and 
in a more limited way by tests for detec- 
tion of the infectious agents. Many 
Schick test surveys in urban populations 
have revealed immunity which increases 
with age to the degree which was fully to be 
expected from the decrease in incidence 
of the disease m'th age. The less rapid 
development of immunity and to a lower 
total level than that observed in urban 
populations has been determined by 
Schick test surveys in rural populations, 
notably the study of Kidder®® in Vermont. 

The results of extensive Schick test 
surveys in a number of tropical countries 
where clinical diphtheria is relatively un- 
common have consistently shown higher 
proportions of immunes than are found in 
even more congested populations in north- 
ern areas.®*’®®® 

Tests for immunity to poliomyelitis, 
altliough carried out far less extensively 
than tests for immunity to diphtheria, 
have been done to a sufficient extent to 
indicate a similar population immunity. 
Neutralization tests on persons at different 
age groups in urban and rural populations 
revealed immunity corresponding closely 
with that to diphtheria as indicated by 
Schick tests.®“ Numbers of tests in vari- 
ous parts of the world hai'e indicated im- 
munity in adults as e.xtensive as immumty 
to diphtheria. Going to warmer climates, 
20 of 21 adults in Atlanta, Georgia, pos- 
sessed neutralizing antibodies.®® Hudson 
and Litterer found the same in Nashw'ile, 
Tennessee.®* A high proportion of sera 
from the Fiji Islands neutralized the 
\'irus.*' A similar high immunity has been 
found in adult natives of Liberia.®®*'® 
Immunity has also been shown in high 
proportion of small groups of adults in 
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China^^'^® and in Puerto Rico.®^ It is to 
be noted that the extent of immunity in 
adults in warmer climates, even though 
the population may be more sparse, is 
equal to or exceeds that of adults in more 
temperate climates. Doull, Hudson and 
Hahn“ testing adults of the Philippine 
Islands found e\adence of immunity to 
diphtheria, scarlet fever and poliomyelitis 
in a higher proportion of the sera than 
that usually found in temperate climates. 

That the differences under discussion 
between cooler and warmer climates are 
not due to variation in sanitation with 
latitude but are in reality determined by 
climate itself is perhaps most strikingly 
suggested by the occurrence of the same 
differences in diphtheria between 2 cities 
in the same latitude — Santos and Sao 
Paulo, Brazil, not 50 miles apart but one 
situated at sea level and the other at 
7500 feet altitude.^®" Altitude produces 
the same effect as latitude. The same dif- 
ference has been observed in poliomyelitis 
in Bogota and at sea level in Venezuela.®®® 

The parallelism between latitude and 
climate is, of course, not an exact one. 
In addition to altitude other factors such 
as ocean currents account for marked 
variations, as for example the effects of 
the Gulf Stream. On the North American 
Pacific Coast the more precise variations 
with latitude seen in the interior do not 
occur. A number of infectious diseases 
ordinarily conforming closely with lati- 
tude in respect to such features as inci- 
dence or seasonal prevalence are aber- 
rant, partaking of some features charac- 
teristically southern and others charac- 
teristically northern. That the “climate” 
of the Pacific Coast possesses both north- 
ern and southern featvnes is suggested by 
the fact that Timothy and Bermuda grass, 
respecting completely their northern and 
southern ranges elsewhere, overlap on the 
West Coast. In this connection it may 
be pointed out that poliomyelitis in Japan 
corresponds closely with poliomyelitis in 
the southern United States in respect to 
incidence, age di.stribution and seasonal 
prevalence.'*® 


Another related phenomenon common 
to this group of diseases is that of mater- 
nal passive immunity. Since in adults 
immunity is high, passive immunity in 
infants, as would be expected, is likewise 
high. This has long been established in 
diphtheria as lasting from 3 to 6 months 
by antitoxin measurement and has been 
demonstrated in poliomyelitis by virus 
neutralization tests.®' The duration of 
maternal passive immunity in infants has 
not been so precisely established in polio- 
myelitis, but the close parallelism in the 
diminished incidence of the disease in 
infants under 6 months of age with diph- 
theria suggests that there is a similarly 
close correspondence in maternal immun- 
ity in respect to duration. This is borne 
out by the absence of immunity in a 
high proportion of children over 6 months 
but under 3 years of age (in temperate 
climates). 

Just at the time when the results of 
immunity tests so generally accepted and 
widely used as a measure of the dissemina- 
tion of other infectious agents were reach- 
ing the point of full verification of the 
implications of age distribution in respect 
to the pattern of infection with the virus 
of poliomyelitis, the epidemiologic signifi- 
cance of immunity in poliomyelitis was 
thrown into the shadow by the advance- 
ment of the theory that immunity was 
the result not of exposure to the •virus but 
of “physiologic maturation.” The idea 
that immunity, as shown by virus neu- 
tralization tests and even diphtheria anti- 
toxin, was a spontaneous accompaniment 
of aging, was given considerable editorial 
emphasis under such headings as “Pan- 
immunity,” “Automatic Environmental 
Vaccination,” “ Upsetting Immunologic 
Tenets,” and “Phylogenetic Immunologic 
Recapitulation.” Fiurther doubts con- 
tinue to be raised, doubts introduced 
through discrepancies*'^'^ in the neutrali- 
zation tests but which are believed to be 
of the same order as less noticed discrepan- 
cies observed in immunity tests in other 
diseases. Such discrepancies led, as late 
as 1939, to the statement that “Polio- 
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distribution of the disease suggest that 
exposure to virus more often approaches 
the early period of life when there is high 
maternal immunity but the neutralization 
tests of Olitsky and Findlay^ in such an 
area suggests that the gap between mater- 
nal passive and acquired active immunity 
may be lacking. In 1946, they found 
that all of 72 sera from “healthy” natives 
of British West Africa from 1 to 40 years 
of age (8 were under 10) neutralized the 
MEFl strain of virus. This strain of 
virus was isolated from a case in the 
Middle East Forces of the British Army 
and was shown to cross-immunize with 
the Lansing strain. Normal human serum 
possessed neutralizing antibody to the 
latter strain of the same order®® of that 
repeatedly demonstrated against a num- 
ber of monkey strains of virus.^ 

A series of neutralization tests in 1933 
and 1934, the interpretation of which was 
not entirely clear at the time,^® were done 
in the course of a survey of immunity to 
poliomyelitis in tropical island popula- 
tions, one object of which was the finding 
(so far unsuccessful) of a population free 
of immunity, (needed at the time as a 
convincing answer to the challenge of 
spontaneous physiologic maturation). 
The possibilities of finding such an isolated 
population are not exhausted, but the 
occurrence of a “virgin soil” type of out- 
break on the Island of Nauru, in 1910, 
restricted to the native half of the popu- 
lation suggests that a survey p^e^’^ous to 
that time doubtless would have uncovered 
an absence of immunity. The “isolation” 
of this group at that time is likewise sug- 
gested by the wide occurrence of leprosy 
in the same group following a clear history 
of its introduction a year later. Of sera 
from 32 natives of the Fiji tested against 
an American and an Australian virus, 26 
of the 27 from adults showed the presence 
of antibodies. Sera of younger individuals, 
11, II, 12, 16 and IS years old, all neu- 
tralized the virus, the 16 year old partial 
in 1 test but complete when retested. Of 
27 sera from “normal” natives in Samoa, 
23 completely neutralized and 4 gave evi- 


dence of partial neutralization, the ani- 
mals inoculated with the serum-virus mix- 
ture developing disease after incubation 
periods of 17, 18, 20 and 21 days, as com- 
pared with 7, 7, 8, 9 and 14 days in 
control animals. These 4 sera were from 
children 3, 4, 5 and 5 years of age. Nine 
other sera from children under 10 years 
of age completely neutralized the Ameri- 
can laboratory strain of virus (isolated in 
Vermont in 1921). Though prolonged 
incubation periods had been suggested as 
representing partial immunity (in the 
serum under test),®® this finding in respect 
to the sera of 4 children in the Samoan 
group was not considered sufficient to 
establish a difference from the usual im- 
munity status of younger children in 
temperate climates (a relatively higher 
proportion of non-immunes). Subsequent 
observations have made it clear that pro- 
longed incubation periods in such tests 
are indicative of the presence of antibody 
in serum.®® In vdew of this and in the 
light of the results in the larger series of 
Olitsky and Findlay, these tests can be 
interpreted as indicating that the hiatus 
of immunity in younger children tends 
likevuse to be filled in Samoa. The occur- 
rence of partial neutralization suggests 
that active immunization was still in 
process of development at the time tests 
were done, a finding in keeping with the 
observation that active immunity can be 
initiated only in the later stages of 
maternal immunity when it is on the 
decline.®® 

Virus Detection. That immunity as 
revealed by the several tests is a result of 
prevuous exposure to the infectious agent 
would no longer appear to need argument. 
Suffice it to say that wherever tested, 
either by clinical observation or by virus 
detection, the development of immunity 
has been in accord wnth opportunity for 
e.xposure. To be sure “control” areas 
(where varus and immunity are both 
absent) have not been found; but truly 
isolated populations insofar as human-to- 
human transmission is concerned are not 
to be found easily in the present day 
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The last thoroughly studied “virgin soil” 
epidemic of measles (Faroe Islands) oc- 
curred just over 100 years ago. Perhaps 
the development of immunity to yellow 
fever, only in areas where there is oppor- 
tunity for exposure and never in areas or 
in persons where previous exposure to the 
wus could be excluded, should suffice as 
“proof” of association between the pres- 
ence of virus and of immunity. 

In diphtheria Morales and Mandrjf^^ 
have actually put to test the epidemio- 
logic “hypothesis” that subclinical im- 
munity is a result of exposure to the 
infectious agent in Puerto Rico. They fol- 
lowed a group of 194 native Schick posi- 
tive school children with frequent throat 
cultures for diphtheria bacilli. At some 
time during the period of the study viru- 
lent bacilli were demonstrated in 26 indi- 
\aduals and in 168 they were never found. 
Of the 26 who harbored virulent organ- 
isms, 24 became Schick-negative and 151 
(90%) of those who were never shown to 
harbor bacilli remained Schick-positive. 
Fewer data are available on scarlet fever, 
but wherever tested, to quote Doull, 
“every item cited in support of the ex- 
planation offered as to diphtheria holds 
true.”2i 

As stated earlier, clinical observation 
alone affords a satisfactory demonstration 
of both the extent of spread of the virus 
of measles and of immunity resulting from 
infection with it. When immunity tests 
and virus detection are added, evidence is 
likewise afforded that the extent of dis- 
semination of the subclinicallj' immum’z- 
ing viruses and of immunity from infection 
with them is of the same order as that in 
measles and, therefore, of an extent over 
the entire world only known to take place 
through person-to-person contact. 

The disappearance of cholera in the 
United States within about 20 years after 
a widespread occurrence following its 
introduction in 1S30 (described under the 
somewhat odd title “The Conquest of 
Cholera”*') soon followed when we began 
to get away from the river life of the times 
on the ^lississippi and the Ohio. It well 


illustrates the precarious method of trans- 
mission chosen by this disease. Cholera 
is now a problem only in restricted areas 
where optimal conditions for transmission 
exist. Typhoid fever has been able to 
maintain an existence only by reason of 
the added mechanism of chronic carriage. 
It too, however, is steadily diminishing, 
as with increase in sanitation the chances 
of continuous transmission are decreasing 
to the point where the failure of recruit- 
ment of new chronic carriers is causing it 
to lose its grip. Typhoid Mary is posi- 
tively credited with only 50 odd cases in 
a lifetime, a feat which can be accom- 
plished by a single case of measles in a 
day. Fecal transmission — an accident of 
hygiene — is not to be compared with the 
mode of transmission w'hich has been 
described as ordinary, unavoidable, and 
the probable irreducible human contact, 
chosen by the upper respiratory infections, 
through which these infections enjoy a 
spread in the population to the point of 
saturation. 

By the time the period of controversy 
which follow'ed the challenge of “matura- 
tion” was subsiding, emphasis in epidemi- 
ologic research in poliomyelitis had shifted 
to attempts to establish the pattern of 
virus distribution through its actual 
detection. The “rediscovery” of mrus in 
intestinal contents reopened the whole 
question of mode of spread of the disease 
with the result that exhaustive attempts 
wmre made to detect the virus not only 
from numbers of human sources but from 
a wide variety of non-human sources. 
There was a great emphasis on the detec- 
tion of extrahuman wus reservoirs, which 
was doubtless prompted in part by the 
temporary dismissal of the large accumu- 
lation of e\ddence pointing to widespread 
subclinical infection and further stimu- 
lated by a resulting reemphasis of the 
long-known inability to demonstrate the 
criteria usually sought to establish con- 
tagiousness between clinical cases — the 
occurrence of disease in those associated 
with the sick. It became the fashion to 
"discard all previous conceptions”— -the 
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force of the combined studies of Caverly, 
Wickman, Frost and Flexner— which had 
“dominated the scene too long” and to 
test anj’- hypotheses by the sole method 
of virus detection; a phase of research 
which reached its height in a title as inclu- 
sive as “ attempts to recover poliomyelitis 
virus from fruit, well water, chicken cords 
and dog stools.”®® The confidence vith 
which the hunt for extrahuman virus reser- 
voirs was on is well illustrated by an 
abstract of the just mentioned article 
which seems to assume that failure to 
find the virus was only a failure in tech- 
nique when it says*. “Although the virus 
may have been present in the specimens 
tested, its existence could not be demon- 
strated when either the eastern cotton rat 
or the Macaca mulatta monkey was used 
as the test animal.”^® 

During the period when immunity tests 
were largely relied upon as an indication 
of previous infection with the virus, rela- 
tively few attempts at actual detection of 
virus were undertaken. In view of the 
limited scope of researches which could 
be undertaken at the time, there was little 
chance in the first place of carrying out 
experiments on a sufficiently large scale. 
In the second place the end-point of virus 
infection as indicated by immunity tests 
rather than momentary harborage, as re- 
vealed by virus detection, seemed to be a 
better means of arriving at a conception 
of the actual extent of virus dissemination. 
During more recent jTars the detection of 
virus in intestinal contents has I'eceived 
far greater emphasis. Although it is clear 
that virus may be found in intestinal con- 
tents for a longer period than in the oro- 
pharynx where it has been detected during 
the 1st week of the infection (the period 
coinciding with the infectious period ac- 
cording to available evidence), it can- 
not be affirmed that it is more often 
present in intestinal contents. The large 
literature which has accumulated relating 
to the detection of virus in intestinal con- 
tents and in extrahuman sources will not 
be reviewed here, but it may be said that 
the results of such tests as well as renewed 


detection of virus in upper respiratory 
passages^®'®® have gone far to corroborate 
a virus distribution in the human such 
as would result, not from any extra- 
human reservoir but from person-to-per- 
son contact as had been indicated pre- 
viously both by studies of the age dis- 
tribution of the disease and by the 
application of immunity tests. In this 
connection the work of Francis and his 
co-workers^'^ and a recent study of Zintek®® 
on the dissemination of virus within a 
family, and of Howe and Bodian, who 
found virus in throats in juvenile family 
contacts and in throats of healthy children 
from a neighborhood playground,®® may 
be cited. 

It has been calculated that a diphtheria 
carrier rate of near 1% with an average 
duration of carriage of approximately 
1 month®® ■®^ is sufficient to account for 
immunity as indicated by the Schick test 
at any age group.®® It was stated a num- 
ber of years ago that “while no statistics 
are available concerning the healthy car- 
rier rate in poliomyelitis, the ^^rus has 
been detected in healthy persons. When 
we remember the relatively small number 
of attempts which have been made to 
detect the \drus and the uncertainty of 
the technique by which this has been 
accomplished (it is not even readily trans- 
ferred to the monkey from the spinal cord 
of known cases), the occasional reported 
finding of the virus in the upper respira- 
tory passages of healthy persons might 
well be indicative of a healthy carrier 
rate not unlike that of diphtheria. When 
Ave consider, then, not only that the extent 
of immunity to poliomyelitis is the same 
as for measles and diphtheria, but that 
the rapidity of its development A'aries in 
the same AA’ay AAath concentration of popu- 
lation, AA'e have eAudence that both the 
extent and rapidity of the spread of the 
A'irus of poliomyelitis are the same as in 
measles or diphtheria.”’® The more recent 
tests for detection of A'irus on a large 
scale such as those of Francis amply bear 
this out. It therefore may be said that 
the carrier rate in poliomyelitis (something 
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like that of diphtheria) would likewise 
account for immunity to this \’irus at dif- 
ferent age groups of the same order as 
that of immunity to diphtheria. 

Trask and Paul/®'®’^ who %vith their co- 
workers had used this method extensively, 
pointed out in connection with their de- 
tection of poliomyelitis virus in sewage 
and in intestinal contents, that the pro- 
cedure used was in a number of ways 
highly selective for poliomyelitis as, for 
example, initial treatment of the inocula 
with ether on the one hand and the use of 
the monkey as test animal on the other. 
They actually "detected” tubercle bacil- 
lus in sewage as an incidental finding 
and stated that other “pathogenic bac- 
teria, measles, mumps, etc., could have 
infected our monkeys without our knowing 
it.” It is, then, not possible to attach 
proper epidemiologic significance to the 
presence of poliomyelitis virus in intestinal 
discharges in the absence of comparable 
information on other viruses. For exam- 
ple, is the virus of measles present in 
feces? As a matter of fact, lesions in the 
intestinal tract have been found in a 
number of diseases clearly not transmitted 
by intestinal discharges which make it 
likely that their viruses may also be 
present in intestinal contents and pre- 
sumably in sewage. Koplik spots have 
been found in the colon in measles,*® as 
have been characteristic cellular changes 
in varicella.®® 

In addition to such considerations as 
these, Paul and his co-workers have re- 
peatedly called attention to the danger 
of basing epidemiologic inferences on this 
experimental finding alone : “ But perhaps 
the most important question of all is, 
what does the finding of the ^^^us mean 
insofar as the spread of poliomyelitis is 
concerned? In answer one could say that 
it is not evident from this work whether 
or not the presence of poliomyelitic virus 
in sewage is a direct or even an indirect 
link in the chain which usually or even 
occasionally leads this infectious agent 
from 1 patient to another in this disease. 
Our report merely calls attention to the 


fact that during urban epidemics of the 
disease the local sewage may contain this 
virus.”^® 

Nonetheless this single laboratory find- 
ing seems to have been largely responsible 
for a very general shift from previously 
long-accepted conceptions to the belief 
that “the epidemiology of poliomyelitis 
may be considered to be similar to that 
of other enteric infections in which the 
causative virus is much more widely dis- 
seminated in the community during an 
epidemic than at other times.”®* 

It is this belief which forms the crucial 
link in the chain of argument that the 
lower incidence of poliomyelitis in warmer 
climates and its supposed increasing inci- 
dence in cooler climates is a matter of 
sanitation. 

An ideal situation for studying the 
spread of disease would be afforded by 
an outbreak following the importation of 
a single case into an isolated and previ- 
ously uninfected locality. But such an 
opportunity is seldom presented to the 
epidemiologist. Under actual conditions 
it is practically impossible to determine 
whether a given case is the first occur- 
rence of the disease, or to group those 
cases which are related. Multiple cases 
in families present perhaps the nearest 
approach to epidemiologically connected 
cases.® Chapin,*® Hill®* and Frost,®®’®® all 
chose familial aggregation for studies re- 
lating to the manner and the extent of 
dissemination of such diseases as measles, 
diphtheria, scarlet fever and poliomyelitis. 
The results of all the studies reviewed in 
this paper amount to hardly more than 
a geographic extension of the combined 
findings of these 3 great epidemiologists. 
Their studies supported the view that the 
"tendency to run through a family” "'as 
the same with all these infectious agents, 
and that the differences in familial aggre- 
gation of cases are due to differences in 
the frequency with which clinical or sub- 
clinical infection is the result of exposure. 

Since the patterns of virus dissemination 
and immunity are essentially the same in 
the members of this group of diseases. 
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poliomyelitis, diphtheria and scarlet fever, 
it is believed that the relative frequency 
with which clinical disease and subclinical 
immunity results from infection with the 
different infectious agents cannot be ac- 
counted for in general by “ immunity from 
previous exposure” but are actually due 
to different autarceologic factors in the 
different diseases. The question has been 
little studied in diphtheria and scarlet 
fever. In poliomyelitis there are a num- 
ber of selectivities seen in the occurrence 
of the frank disease in the few of the 
many exposed to the virus which indicate 
that this “complication” of the ordinarily 
subclinical infection is determined primar- 
ily not by circumstances of exposure to 
the virus but by autarceologic influences. 
The notable example — already being taken 
into account in the prevention of numbers 
of cases of a particularly distressing and 
highly fatal form of the disease — is bulbar 
poliomyelitis following tonsillectomj’^ and 
adenoidectomy. 

Though the frequency with which the 
different infections are clinical or subclini- 
cal may be highly individualized in gen- 
eral, as the result of the operation of 
different autarceologic factors in the sepa- 
rate disease, they all possess a correspond- 
ing reduction in the frequency of clinical 
disease as compared with subclinical in- 
fection as warmer climates are approached. 
The e^ddence for a similarly more rapid 
and extensive dissemination of all the 
infectious agents in warmer climates sug- 
gests that earlier infection in warmer 
climates and hence more often under the 
protection of maternal passive immunity 
ma 3 " afford the explanation for this phe- 
nomenon which the 3 diseases have in 
common. 

Mecilvnism of Increased Virus Dis- 
semination IN Waraier Cli-m.ates. a 
mechanism which may account for the 
dissemination of virus at a more rapid 
rate and more extensively in the tropics 
is suggested by a study of amplitudes of 
seasonal variation in a number of diseases 
in cooler and warmer climates.®-^'’ In 
respect to amplitudes of seasonal variation 
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the curves of seasonal prevalence of a 
number of diseases in cooler and warmer 
climates all fit closely one of 3 curves. 
With certain exceptions bacterial diseases 
which spread directly from person to per- 
son have an amplitude of low order. 
Another group including diseases trans- 
mitted by intermediary hosts have an 
amplitude of higher order; and a third 
group, virus diseases, exhibit a still greater 
amplitude in seasonal variation. It was 
considered significant that the 3 curves 
in respect to amplitude occur in exact 
multiples. The reason for the exact mul- 
tiple relationship was believed to be the 
simultaneous influence of season on 1, 2 
or 3 factors involved in the occurrence of 
diseases of the respecti\’’e types. It was 
suggested that 1 of the factors involved 
in the group of diseases exhibiting an 
amplitude of a higher order was, in addi- 
tion to seasonal variation in susceptibility 
to disease upon exposure, a seasonal varia- 
tion of the same period and phase in 
multiplication and hence in spread of the 
virus. For example, under this concep- 
tion it could be reasoned that the virus 
of poliomyelitis requires host conditions 
of warm weather (or warm climate) both 
for disease production and for multiplica- 
tion and hence propagation. Such a con- 
ception under which this Aurus could be 
active for only a brief part of the year 
in more temperate climates and through- 
out the year in warmer climates, could 
account for the more rapid and extensive 
dissemination of the Aurus in AA’armer 
climates. 

Thus the reason for one of the puzzling 
paradoxes of poliomyelitis — the fact that 
it is a disease of AA’arm AA'eather but of 
cool climates — finall^^ begins to come to 
the surface. For many years it has been 
CAudent that the conA^entional explanation 
for seasonal preA’-alence of disease — a cor- 
responding A'ariation in the mechanism of 
transmission — could hardly account for 
the seasonal prcA’alence of poliomyelitis 
in the face of this feature of the disease. 
Nonetheless, adhering to the old doctrine 

that contact diseases are diseases of AAunter 
11 
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because of crowding, the seasonal preva- 
lence of poliomyelitis bas always been the 
point of departure for opposed hypotheses. 

Under the same doctrine the view orig- 
inating largely in carrier studies during 
World War I, that an increased carrier 
rate is always the forerunner of an increase 
in mem'ngococcus meningitis, in spite of 
many discrepancies in the evidence, had 
come to be generally accepted. During 
World War II an extensive meningococ- 
cus carrier survey was conducted over a 
period of 4 years by Dr. J. H. Mueller 
under the Board for the Investigation of 
Influenza and Other Epidemic Diseases, 
Oflice of the Surgeon-General, United 
States Army. An analysis of the carrier 
rates, especially Type I meningococcus, 
the tjTpe found to be the cause of practi- 
cally all cases, revealed no seasonal varia- 
tion in carriage which could be associated 
with seasonal variation in the disease. 
As a matter of fact, carrier rates in sum- 
mer were as high as in winter when the 
disease prevailed. This observation points 
to variation in frequency of clinical dis- 
ease in carriers rather than to any varia- 
tion in transmission of the meningococcus 
as the determining factor in the seasonal 
prevalence of meningitis, and suggests 
seasonal “predisposing” factors as the 
major determinant of meningitis in men- 
ingococcus carriers.^'® Little information 
is available on the year-around prevalence 
of other infectious agents. But if the 
findings of the virus of poliomyelitis in 
sewage only in the poliomyelitis season'”-®^ 
or a prevalence of carriage in summer as 
suggested by the seasonal prevalence of 
bulbar poliomyelitis following tonsillec- 
tomy’'' can be compared wdth the seasonal 
prevalence of meningococcus carriage bas- 
ed on some .50,000 throat cultures, there 
is the suggestion that the meningococcus 
is capable of multiplication and propaga- 
tion the year around, while multiplication 
of the virus of poliomyelitis is restricted 
in respect to season. This suggests that 
seasonal (or climatic) changes influence 
the suitability of the human host as a 
“medium” for the growth of the Urus. 
tliis %’icw is consistent with the fact that 


meningitis exhibits an amplitude in seas- 
onal variation of a low order, and polio- 
myelitis one of high amplitude in tem- 
perate climates and lower amplitude in 
warmer climates. 

A review of the observations which form 
the basis of this paper serves to lend 
strength to the view that the spread of 
the mrus of poliomyelitis is extensive and, 
as has been stated, a function of ordinary, 
unavoidable and irreducible contact. It 
furthermore emphasizes that infection 
vdth this virus is preponderantly benign 
— the one serious sequel of infection, par- 
alysis, occurring in only a small fraction 
of those exposed. In the tropics the evi- 
dence indicates that in terms of parasitism 
adaptation between virus and host is even 
more nearly balanced. Widespread ex- 
posure to the virus, more frequently during 
the persistence of equally vudespread 
maternal immunity, apparently results in 
more frequent modified infection (but still 
vdth propagation of nrus) with resultant 
active immunity to be passed on to the 
offspring for repetition of the • cycle. 
Thus we can say that we have achieved a 
high degree of commensalism with the 
mrus (or the ^^^us can say that it has 
achieved a high degree of commensalism 
with us). 

Immunization (as in sraallpo.x) would 
appear to be the approach to control of 
an infection as widespread as is polio- 
myelitis. The feasibility of vaccination 
against smallpox (carrying with it a cer- 
tain hazard as would be e.xpected in any 
prospective procedure in poliomyelitis) 
lies in part in the fact that the protection 
of the indiUdual far outweighs the hazard 
of the vaccine. Vaccination at the same 
time removes its subjects from the reser- 
voir of potential “carriers” of the virus 
which in former days was sufficient to 
make this disease one of the group of 
widespread immunizing infections of child- 
hood. It may be doubted that this reason 
alone (if vaccination were of small bene- 
fit to the individual) would constitute 
a sufficient argument for the procedure. 
Pasteur’s vaccination against rabies in 
the human is rendered feasible only by 
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reason of the circumstance that its ad- 
ministration can be restricted to the few 
in whom there is a high risk of rabies — 
those bitten by a rabid, or suspected rabid 
animal. The hazard of the vaccine in the 
population in general (postvaccination 
paralysis alone) would, numerically at 
least, far exceed the risk of the disease. 

In respect to the employment of the 
principle of vaccination in poliomyelitis 
numerical considerations more like those 
of rabies than those in smallpox obtain. 
"While a vaccination procedure might, as 
in smallpox, diminish the “virus reser- 
voir” (conversion of non-iramune indi- 
viduals capable of multiplying and trans- 
mitting the virus to immunes not capable 
of doing so), if any prospective vaccine 
carried a hazard approaching the “nat- 
ural” risk of disease in the individual, its 
applicability would be highly doubtful. 
Indeed, we have been through 1 experi- 
ence where the risk of attempted immun- 
ization proved to be about as great as 
the risk of disease.®^® If, as in the sense 
of selective immunization in rabies, the 
use of a poliomyelitis vaccination could 
be restricted to the few who are suscepti- 
ble to paralysis in j)oliomyclitis, vaccina- 
tion in poliomyelitis would be quite a 
different matter. 

If this concept offers an explanation of 
one of the long puzzling paradoxes of the 
disease — a disease of warm weather but 
of cool climates — it at the same time 
introduces another — that the disease is 
one of cooler climates where the dissem- 
ination of the virus is less and not of 
warmer climates Avhere it is more. This 
might seem almost to constitute an argu- 
ment (seeing that the virus is preponder- 
antly immunizing rather than paralyzing 
— and even more in warm climates and 
by reason of earlier exjAosure) that speed- 
ing-up the spread of virus rather than 
hampering it (isolation, quarantine, etc.) 
would be a more effective preventive 
measure against paralysis than any that 


we have. At any rate, harking back to 
Gorrie’s attempt to prevent malaria (de- 
veloping in hot weather) by chilling a 
room,* it does suggest that the principle 
of variolation (immunizing the young by 
inoculation of active virus in a hot room, 
as it were) should be explored as well as 
that of vaccination (attempts at further 
attenuation of the naturally highly “at- 
tenuated” virus) in the search for a better 
way of adding to the already relatively 
high protection against paralysis in nat- 
ural infection with the virus. 

Conclusions, Evidence derived from 
the age distribution of the recognized 
disease, from immunity as shown by the 
neutralization test and from actual virus 
detection indicates that the rapidity and 
extent of dissemination of the virus of 
poliomyelitis is the same as in the other 
“immunizing infections of childhood.” 

In respect to incidence of frank disease, 
age distribution, rapidity of development 
of immunity and extent of immunity, 
poliomyelitis exhibits the same differences 
between cooler and warmer climates as 
other “immunizing infections of child- 
hood” in which subclinical immunization 
occurs. 

The reason for relatively lower incidence 
of frank disease and higher subclinical 
immunization in Avarmer climates Avould 
appear to be the same in the group of sub- 
clinical immunizing infections of child- 
hood and to lie in earlier exposure in 
AA^armer climates — at younger age AAdien 
maternal passiA’-e immunity is still present 
in sufficient degree to protect against 
frank disease but to alloAv “modified” 
infection AAuth resultant actiA*e immunity. 
The reason for earlier ex-posure in AA'armer 
climates would appear to lie in climatic 
and seasonal A-ariation in the human host 
as a suitable “reserA'oir” for multiplica- 
tion of the Aurus. There are indications 
that host-A'irus actiA’ity may tend to be 
seasonal in temperate climates and year- 
around in AA'armer climates. 


^ * John Gornc, .n i,tudont of climate and feA-ers in Apalachicola, Florida, by way of perfecting his 
tcchniqMc” of fever prevention and cure, invented the gas compression process of refrigeration. There 
IS no rcrord that his treatment for malaria was successful— nor his invention— for him; but he is the 
father of air-conditioning, and all its application to health. Marshall Taylor’s stori' of Gorrie (Presi- 
dent s Address, Southern Medic.al Association in 1935»‘) is fascinating reading 
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Studies relating to the control of infec- 
tious disease, the ultimate goal of which 
has been eradication, have long centered 
on the infectious agent and its mode of 
spread, not only as a sine qua non but 
as the ne plus ultra for prevention. The 
studies relating to subclinical immuniza- 
tion reviewed in this paper suggest that 


in poliomyelitis all the other elements 
entering into what constitutes an extra- 
ordinarily high degree of balance between 
this parasite and its host should be taken 
into consideration in attempts to prevent 
the one serious and exceptional sequel of 
infection with this %arus — paralysis. 
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The memory of men going ashore on a 
Normand}'’ beach or approaching a Pacific 
island — American soldiers going into ac- 
tion— is still too vivid to leave any doubt 
as to where wars are finally won or lost. 
As certain as that may be, modern war- 
fare is such that influences other than 
the courage of the men concerned or the 
quality of their leadership in combat, act 
strongly in determining the result. Dis- 
ease and injury, and the quality and kind 
of medical care, constitute 1 such factor. 

No attempt is made here to determine 
the relative importance of medicine and 
the other necessary services supplied to 
combat forces. It is likewise left to 
others — to the professional soldier, the 
statesman or the historian — to state the 
place of medical matters among activities 
that involve the whole of a population at 
war; the production of war materials, the 
management of economic stresses, and 
the maintenance of that fine balance of 
political and social interests Anthin a 
nation and in respect to its allies. Few 
medical officers ivould attempt either 
evaluation; certainly not a ciGlian physi- 
cian-soldier whose service was limited to 
the army in the field. The present analysis 
is confined to some of the ways that 
medical alTairs enter into the management 


of military operations and the extent to 
which they influence the result. Since 
the experience and the data are wholly 
of army origin, the consideration of strate- 
gic and tactical influences of disease will 
relate only to that part of military activi- 
ties. Most of the examples cited are from 
the European Theater of Operations of 
World War II. 

Responsibility for Health, That 
the maintenance of the health of troops 
is a function of command is an accepted 
part of military theory^ and so prescribed 
in the regulations of the United States 
Army.^®® Time was when this meant 
principally an adequate attention to the 
care of the sick and wounded. The past 
half century has brought about a greatly 
broadened interpretation of this obliga- 
tion, to the extent that the prevention of 
disease now ranks as a coordinate activity. 

Vfliile modern military medical practice 
has 2 principal objectives, those of medical 
care and preventive medicine, the organ- 
ization for proAusion of these serAuces is 
by no means to be interpreted as consist- 
ing of 2 parts. These primary interests 
OA'erlap, and the successful accomplish- 
ment of both objectiA'CS depends upon 
the extent to wliich the^’- are integrated 
into a single practice, AA’liich recognizes no 


♦ Formerly Chief of Preventive Medicine Dhnsion, 0/Hco of the Chief Surgeon, European Theater 
of Operations, United States Army. 
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sharp distinction between what is preven- 
tive and what is curative medicine. 

Medical care in military practice has 
come to involve much more than the 
simple issue of death or recovery. In- 
creasing attention is directed to the 
development of improved method for the 
prevention of physical defect after dis- 
ease or injury, and for limitation of the 
period of disability.-® Both features act 
toward the welfare of the individual, and 
from the viewpoint of military operations 
are important considerations as they af- 
fect available and effective manpower. 
They represent medical care directed 
toward preventive ends. 

Preventive medicine has likewise devel- 
oped far heyond its original interest in 
the control of the communicable diseases 
and a concern of environmental sanita- 
tion. The preA^ention of disease in general, 
whether it be communicable or non-com- 
municable, is now an established part of 
the program for prevention,-^ together 
vith an interest in the limitation of trau- 
matic and other injuries. In military 
practice, clinical and preventive medicine 
have become so nearly equal in emphasis 
that medical influences in military opera- 
tions might be approached equally well 
from a consideration of the strategic and 
tactical influence of health, as from the 
standpoint ofMisease. 

Administrative Mechanisms in Mili- 
tary Medicine. Since the responsibility 
for health is a function of command, it 
follows logically that need e.vists for a 
command adequately informed of health 
activities and health methods. The medi- 
cal officer and the other technical experts 
of the ^Medical Department charged with 
health matters through delegated responsi- 
bility, have equal need for an appreciation 
and understanding of military matters. 
The failure of a commander to understand 
and evaluate medical risks can be just as 
costly as to misjudge the fire power of the 
enemy, A lack of understanding on the 
part of tlie physician of that fine balance 
between military necessity and medical 
losses can be similarly inhibitive of the 


common effort which is the successful 
prosecution of a campaign. No remote 
suggestion is advanced in discount of the 
idealism that characterizes the practice 
of medicine; that is one of the finest parts 
of the profession, but war is not an 
idealistic business. It becomes necessary 
at times to look upon the health problems 
of a command from the standpoint of 
the group, to accept minor losses in order 
to effect major gains, and to weigh cost 
against military objective. The physician 
in military practice soon comes to appre- 
ciate that much of what he hopes to 
accomplish depends upon the support, 
the understanding and the aid that comes 
from his commanding officer. The medi- 
cal officer must be equally cognizant of 
the objectives and requirements of com- 
mand, for the measure of common accom- 
plishment is generally determined by how 
well they understand each other. 

These considerations are introduced 
because they are believed fundamental 
to an understanding of the influences 
that disease exerts on the conduct of 
war in the field, and to proper interpreta- 
tion of the health record that results. 
This being the primary purpose of this 
presentation, rather than the methods and 
organization involved, a brief considera- 
tion of the 3 lines of approach to the 
management of health matters will suffice. 

Command is called upon for a good deal 
more than intelligent understanding and 
direction of health activities. There is 
need for active participation. The good 
commanding officer gives interest and at- 
tention to the clothing, equipment and 
general well-being of his men, as w'ell as 
to the adequacy of their training and the 
state of their military bearing. General 
Patton was the soldier, his primary con- 
cern with strategic and tactical matters. 
Perhaps that ivas the reason for his inter- 
est in the program of nutrition sponsored 
by the Medical Department, namely, that 
it fitted so logically into the framework 
of his strategic and tactical interests. 

The direct responsibility for provision 
of medical care to the sick and wounded 
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falls wholly upon the Medical Depart- 
ment. The elaborate provision for casu- 
alties in the forward areas during the 
war just past has been thoroughly and 
adequately described, from battalion aid 
stations, to collecting and clearing stations 
and to definitive care of non-transportable 
cases in field hospitals, or in sections of 
field hospitals to Avhich auxiliary surgical 
teams were attached. The chain of 
evacuation extended to evacuation hospi- 
tals and back through the lines of com- 
munication to the great general hospitals.^® 
Station hospitals cared for the needs of 
troops of the Communications Zone and 
of those of rest and reserve areas; and 
back of all were the major facilities of the 
Zone of the Interior for those seriously 
incapacitated or mth disabilities of long 
duration. 

A fundamental difference between the 
services directed toward medical care and 
those of preventive medicine is that suc- 
cessful accomplisliment of the latter de- 
pends to a far greater extent on a coopera- 
tive effort of all arms and serwces. The 
supervision and control of preventive 
activities is, to be sure, a function of the 
Medical Department and much of the 
technical service is pro’sdded by that part 
of the army; the inspection and control 
of food supplies of animal origin by the 
Veterinary Corps; and the laboratory ser- 
vices so essential to the modern program 
of prevention. The unit surgeon is the 
health officer of his organization and he 
is aided by the special divisions of preven- 
tive medicine which are a part of all 
major commands. These strictly medical 
activities are however only a part of the 
comprehensive program for prevention. 
The Corps of Engineers has responsibility 
for the provision of potable water, the 
disposal of sewage and refuse and other 
actiNdtics which enter into the program 
for environmental sanitation. The food 
program of the army brings into play a 
close cooperation of hledical Department 
and Quartermaster Corps. The hledical 
Department is charged with the adequacy 
of the ration, the Quartermaster Corps 


provides it to troops and assures its 
quality. The design and pro\'ision of 
satisfactory clothing and equipment are 
other responsibilities of the Quartermaster 
wliich relate strongly to matters of health. 
The provost Marshal finds direct partici- 
pation in health activities by way of the 
program for control of venereal disease, 
and the prevention of accidents. The 
Chaplain also has a concern with venereal 
disease control, and a still broader interest 
through matters of psychologic and moral 
well-being which enter so largely into the 
health of an army. The Special Services 
Corps was a principal agent in public 
health education. In summary, preven- 
tive medicine in the army as in civilian 
practice depends for its success upon a 
community effort. It succeeds in its 
objectives to the extent that the various 
arms and services are brought into a 
common program. 

Classes of Military Casualties. 
h'lilitary casualties are di^^ded into 3 
categories, those of battle casualties, non- 
battle injuries and those the result of 
disease. Disease is thus set apart from 
injury as a source of disability, with a 
further distinction of injury as it relates 
to battle or non-combat origin. The 
separation of the many conditions in- 
volved is generally clear-cut, but for some 
the decision is made arbitrarily. Trench 
foot contracted by soldiers in the line is 
classed as a non-battle injury, although 
reasons of lesser moment have been ad- 
vanced in claim of combat status. It is 
likewise evident that similar events are 
classified differently according to the cir- 
cumstances under which injury took 
place. A gunshot wound of the hand 
incurred accidentally in a training area, 
or contraeted an,\’Avhere as a self-inflicted 
wound, is a non-battle injury, and distinct 
from the battle casualty that results 
through contact with the enemy. The 
definition of terms that follow is from 
Army Regulations."''® 

Patients are classified according to the 
priraai:y’ cause of initial admission and re- 
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ported in 1 of 3 categories of cases: disease, 
injury, or battle casualty. In instances of 
patients suffering from both disease and 
injury at the time of initial admission, the 
most serious condition present is taken as 
the primaiy cause of initial admission and 
determines the classification. Patients ad- 
mitted for a battle casualty and a disease 
or injury are classed as a battle casualty. 

All cases other than those due to injury 
or battle casualty are classed as “disease.” 
Included among the disease cases are pa- 
tients suffering from reactions to medication 
other than acute poisoning, patients ad- 
mitted for the sequela of an injury incurred 
prior to entermg service, and p tients re- 
admitted for the results of a traumatism 
(battle or non-battle) incurred during 
service. 

The term “injury” includes traumatisms 
other than those defined as “battle casu- 
alty." The term "traumatism" refers to 
morbid conditions due to external causes. 
It includes acute poisoning, except food 
poisoning, the results of exposure to heat, 
cold and light as well as various types of 
wounds. 

A battle casualty is a traumatism (wound 
or injury) which is incurred as a direct 
result of enemy action during combat or 
otherwise, or is sustained while immediately 
engaged in, going to, or returning from a 
combat mission. It does not include trau- 
matisms occurring on purety training flights 
or missions. Psychiatric cases occurring in 
combat are not reported as battle casualties. 

Tlie measurement of Josses from what- 
ever cause is accomplished by computa- 
tion of rates that relate to 3 principal 
demographic characteristics. The first of 
these, mortality, is the expression of the 
number of deaths from a particular cause 
that occur per unit of population and 
time, the ordinary unit of population 
being 1000 men and the interval of time 
1 ye.ar. The rates for shorter periods are 
based on the assumption that the observed 
frequency would have continued over 
a year. The mortality rate represents a 
definite and certain military loss, irrespec- 
tive of cause, of time or of nature, and is 
one of the absolute indices of the cost of 
war. 

The morbidity rate expresses the num- 


ber of persons affected by a given condi- 
tion as determined by patients admitted 
to hospital or quarters, in relation to the 
same units of population and time as 
serve for mortality. Morbidity rates as 
so defined do not represent all persons 
affected but only those seriously enough 
involved to be absent from duty. Never- 
theless, these indices of illness as employed 
in military practice are more satisfactorily 
indicative of the e.xisting situation than 
is usual in public health or preventive 
medicine, because reporting is particularly 
good. The interpretation of the sigm'fi- 
cance of any particular morbidity rate 
as an influence on tactical and strategical 
operations depends, in the first instance, 
on the duration of the disability ordinarily 
associated nuth the condition; secondly, 
on the expected fatality; and finally on 
the probability for complete recovery and 
return to duty 

The commander of a military organiza- 
tion ordinarily finds the daily non-effec- 
tive rate the most valuable single index 
of the health of troops. As the term indi- 
cates, this is representative of the number 
of men absent from duty by reason of 
disease or injury for each 1000 troop 
strength per day. The complementary 
value shows the proportion available for 
duty at any prescribed time. 

Non-effectiveness in the European 
Theater. Experience of the European 
Theater of Operations in respect to non- 
effectiveness of troops by reason of medi- 
cal disability is shown in Figure 1. It is 
to be noted here that these data and all 
others included in this study are from 
field records and therefore subject to revi- 
sion and correction when the final analysis 
of individual case records is eventually 
completed. The provisional data are be- 
lieved sufficiently reliable to establish 
relationships and trends. Some are from 
theater sources; a great part were made 
available by the Division of jMedical 
Records, Office of The Surgeon-General, 
United States Army. 

Discounting the early part of 1912 
when the small troop strength accounted 
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for irregularities in the demonstrated 
pattern, each year of the 4 year period 
of World War II saw the high point of 
non-effectiveness centered about the early 
months of the calendar year and minimal 
values during the summer.® The seasonal 
incidence of upper respiratory infections 
was the dominating influence. Varia- 
tions from year to year were not great 


involved. The non-effectiveness related 
to disease continued according to estab- 
lished pattern, vdth rates in 1945 almost 
identical with those that characterized 
1944, the year just preceding the cam- 
paign. A significant part of the excess 
non-effectiveness came about through a 
greater frequency of non-battle injuries, 
principally trench foot. The most impor- 



Fig. 1.— Average daily non-effective rates per 1000 strength, European Theater of Operations, 
U. S. Army, by months, February 1942 to June 1945 inclusive. 



Fig. 2.— Average daily non-effective rates per 1000 strength, disease, non-battle injurj^ and battle 
casualty, European Theater of Operations, U. S. Army, January 1944 to June 1945 inclusive. 


until the latter part of 1944 when the 
values for all months increased precipi- 
tately over the established norm. This 
was coincident with the beginning of 
active operations in Continental Europe. 

The division of this particular e.xperi- 
ence into the 3 components which make 
up the total non-cffcctivc rate (Fig. 2) 
gives ready demonstration of the factors 


tant variable was that of battle casualties, 
the data of Figure 2 demonstrating clearly 
that the high non-effectiveness of the 
campaign period was due to that cause. 

The generalizations to be drawn from 
this e.\perience are that year in and year 
out the principal cause of non-effective- 
ness of troops is disease. The losses from 
non-battle injuries are ordinarily much 
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less, about one-fifth those from disease. 
The non-effectiveness that comes from 
battle casualties is subject to great varia- 
tion and is wholly related to the nature 
of operations. The impression is not to 
be left that the cost in battle casualties 
is unpredictable, for the expected losses 
in a major operation can be computed 
with an exactness rivalling that of disease 
and injury. 

It is noteworthy that the rates for all 
3 classes of casualties are susceptible to 
irregular fluctuations which can be re- 
lated with much certainty to emdronmen- 
tal, seasonal, or other ecologic factors. 

The peaks of excess incidence that mark 
the behavior of battle casualties and non- 
battle injuries are as outstanding as any 
introduced into the curve for disease 
through action of an epidemic in the 
common definition of the term. 

Disease as a Factor in Military 
Operations. That disease as a cause of 
death and disability has become a matter 
of far less significance in the wars of the 
past half-century is a matter of general 
knowledge.® It is not so generally appre- 
ciated that the changes that have occurred 
are qualitative as well as quantitative. 

The ratio of deaths from disease to 
deaths from battle casualties* for the 
wars of the 18th and 19th centuries was 
sometimes as great as 13 to 1. A gener- 
ally accepted ratio was 4 to 1, as for ex- 
ample, in the Turko-Russian War of 
1877-78’® where deaths from disease num- 
bered approximately 80,000 and those 
from battle casualties 20,000. The ratio 
during the campaign in tlie Crimea was 
even greater, with some 70,000 deaths 
from disease and 7.500 from battle casual- 
ties among the French forces. Essentially 
two-thirds of the deaths that occurred in 
the Union Army during the American 
Ciril War” were from disease, which 
marked an improvement over the iNIexican 
War of 1840—17 when deaths from disease 
outnumbered those from battle casualties 
7 to 1.- The record dtiring the Spanish- 


American War’® was less satisfactory, with 
an excess of deaths from disease over losses 
in battle in the proportion of about 13 to 1. 

Fewer deaths from disease than from 
battle casualties were noted for the first 
time (Table 1) in the War of 1864 which 
Denmark waged against Austria and Prus- 
sia.” Both opponents established a ratio 
of 1 death from disease to 2 for casualties 
of battle.’® The number of men engaged 
in that war was small, communications 
between the armies and home countries 
were good and emdronmental conditions 
were favorable; and yet this was a remark- 
able event, a turning point in the history 
of w'ars. The Franco-Prussian War of 
1870-71 was the first major w'ar® to see 
the new ratio maintained, by the German 
Army with a proportion of 0.86 deaths 
from disease for each battle casualty. 
The health record of the German Army 
has indeed been consistently good, for of 
5 wars, dating from the Danish action of 
1864 and including World War II, deaths 
from disease have been less than those 
from battle casualties with the single ex- 
ception of the War of 1866 and that was 
close to parity. The Russo-Japanese War 
of 1904, the next great conflict after the 
Franco-Prussian War, gave the Japanese 
forces an opportunity to set a new record’® 
of 0.37 deaths from disease per battle 
casualty. W’orld War I was the first 
American experience in which a similar 
result was attained, proriding troops in 
the active European campaign of 1918'® 
be considered (Fig. 6). For the army as 
a whole and representative of all men 
under arras the ratio was still in favor of 
disease (Table 1). World War II brought 
a complete departure from previous ex- 
perience, and a health record never ap- 
proached preriously in any war. 

The gains which have been made in 
recent times in the cost of disease arc 
primarily due to improved control of acute 
infectious processes. Not only are deaths 
far less frequent in proportion to those 
at risk, but the incidence of communicable 


* Grateful acknoivledfterncnt is made to Ll. Col. Irrino II. Marshall, Medical Corps. United States 
.Xrmv. for the dat.a of Table 1 upon which this discussion is baaed. 
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disease is decidedly less. This has brought 
significant changes in the qualitative char- 
acter of the losses that still result from 
disease as distinguished from injury and 
battle casualties. Non-communicable dis- 
ease has become a far more significant 
consideration. That the frequency of this 
class of disability had a direct relationship 
to military operations is illustrated by 
the data of Figure 3. 

During the time that active combat 
operations involved only a small propor- 
tion of American troops in Europe, those 


of the Air Force based in Great Britain, 
the rates for neuropsychiatric disease were 
fairly stable and at a satisfactory level. 
For the whole experience, admissions for 
this cause constituted about 7% of all 
disease. The influence of major field op- 
erations is evident in the rise in frequency 
that took place in the summer of 1944 
when the continent of Europe was invad- 
ed. The excess incidence was as sharply 
defined, and interjected as precipitousl^'^, 
as that of any epidemic of acute upper 
respiratory infection or other communi- 


Table 1. — Deaths From Disease and Deaths From Battle Casualties in the Principal 

"Wars op the Past 100 Years 


Deaths 


War 

Disease 

Battle 

Disease : Battle 

Mexican War, 1846-47 (United States)* 

10,986 

1,549 

7.03:1 

Crimean War, 1854-56 (French)® 

70,000 

7,500 

9 33: 1 

Civil War, 1861-65 (Union Troops)®* 

186,216 

76,216 

2 44:1 

Danish War, 1864 (German)** 

310 

738 

0 42: 1 

(Danish)*® 

820 

1,446 

1 57: 1 

German War, 1866 (German)*® 

5,219 

4,008 

1 30:1 

Franoo-Prussian War, 1870-71 (German) 

14,904 

17,225 

0 86: 1 

Russo-Turkish War, 1877-78*® 

80,000 

20.000 

4 00: 1 

Sino-Japanese War, 1894-95 (Japanese)® 

16,850 

1,311 

12 09:1 

Spanish- American War, 1898 (United States)*® 

4,795 

379 

12 65:1 

Philippine Insurrection, 1898-1902 (United States)*® 

4,409 

1,036 

4.26:1 

Boor War, 1899-1901 (British)®**'^ 

11,377 

6,425 

1 77:1 

WarinSouth-West Africa, 1904-07 (German)*® . 

6S9 

802 

0 86:1 

Russo-Japanese War, 1904-05 (Japanese)*® 

21,802 

58,257 

0 37:1 

(Russian, less Port 

Arthur)® . 

18,830 

23,008 

0 82: 1 

World War 1, 1914-18 (French)® 

1,760,000 

924,700 

1 89: 1 

(German)® .... 

155,013 

1,531,048 

0 io:i 

(United States, all troops)®* . 

58,119 

50,385 

1 ll:i 

(United States, A.E.F. Europe)®* 

21,314 

50,385 

0.42:1 

World War II, 1939—45 (United States, European 

Theater)* 

1,432 

122.384 

0.012:1 


RATE 



Fiq. 3.— Ncuropsychiatrio conditions, admissions to hospitals and quarters, European Theater of 
Operations, IT. S. Arm.v. rates per 1000 strength per annum, hy roontlis, Julv 1942 to June 1945 in- 
elusive. 
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cable disease. In July 1944, about one- 
fourth of medical admissions were of this 
class. As the pressure of assault opera- 
tions was relieved, the frequencj’’ of neuro- 
psychiatric conditions declined as prompt- 
ly as it had arisen; despite the fact that 
this was a period of relatively active field 
operations marked by the rush across 
France and the approach to the German 
border. The outstanding difference was 
that this was a conquering army, with 
rapid and successful advance against an 
enemy that offered little resistance. 

The frequency of neuropsychiatric dis- 
ease again rose sharply when the attack 
was resumed in November; and a second 
peak of excess incidence duplicating that 
of the first was associated with the stub- 
born active defense action brought about 
by the Battle of the Bulge. Thereafter, 
the rates declined progressively and in 
marked degree, despite the active offen- 
sive action of February, March and April, 
when the Rhineland was invaded and the 
Inner Reich eventually occupied. The 
rates then were little more than during 
the relatively peaceful days in Great 
Britain before the continental campaign 
got under way. 

The changing character of losses from 
disease is equally well illustrated by the 
kinds of conditions that entered into mor- 
tality rates from that cause in the Euro- 
pean Theater. Considering the entire 
period of operations, o more deaths were 
recorded from alcohol poisoning than from 
all communicable processes combined, to 
include not only the usual epidemic dis- 
eases, but all other infectious processes 
such as tuberculosis and the pneumonias. 

By either of the 2 principal criteria by 
which the effects of disease arc judged, 
mortality and morbidity, the communi- 
cable diseases have decreased significantly 
as a factor of importance in military 
operations. Qualitatively the non-com- 
municable processes have attained a sig- 
nificance out of proportion to previous 
experience. Tlie effect that these changes 
have had on the total losses from disease 
are illustrated to advantage by an exam- 


ination of the experience of the European 
Theater of Operations during World War 
II, as compared with the American Ex- 
peditionary Forces of World War I. 

For each of the 4 years that the Euro- 
pean Theater was in existence, disease 
was far and away the most frequent cause 
of admission to hospital or quarters 
(Fig. 4). The highest rate was in 1943, 
the vddespread epidemic of influenza that 
occurred in the autumn of that year being 
the chief determining factor. The rates 
from year to year showed little variation, 
irrespective of whether the battle was fast 
or slow. A direct correlation between the 
activity of military operations and the 
frequency of disease was lacking. The 
numbers of persons affected were regularly 
great, since 1 out of 2 soldiers tended to 
suffer each year some disability from dis- 
ease of sufficient degree to interfere with 
military duties. The regularly occurring 
annual peak of incidence in late autumn 
or early winter (Fig. 5) serves to demon- 
strate the overwhelming importance of 
acute upper respiratory infection as the 
dominant factor in morbidity for this class 
of disability. 

No particular significance attaches to 
the e.xperience of the first 2 years of the 
European Theater. The morbidity rates 
for disease were in all respects satisfactory 
and the health record good. The striking 
feature becomes evident in respect to the 
last 2 years. During the height of the 
campaign, which started in the middle of 
1944 and ended in the early summer of 
1945, the morbidity rates for disease as 
judged by admission to hospital and 
quarters was at a lower level (Fig. o) tiian 
at any other time during the war. Pro- 
verbially and throughout the history of 
wars this is the time when losses have been 
great. Granted that many soldiers will 
not report sick during the height of mili- 
tary operations, and particularly in time 
of advance, nevertheless the fact that so 
few were seriously' disabled by disease is 
perhaps the clearest evidence that could 
be advanced of the progress that has been 
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made in environmental sanitation and in 
the practice of preventive measures. 

While disease ranked first among the 
3 major categories of military casualties 
as a cause of disability, it was the least 
important as a cause of death. The abso- 
lute rate, 0.5 per 1000 strength per year, 
was inconsequential Avhen compared Avith 
death rates for disease in other wars of 
tins country, or indeed within the history 
of warfare. 


strong second place in 1918 to a good 
third in World War II. Deaths from non- 
battle injuries in the recent war exceeded 
deaths from disease in a greater propor- 
tion than deaths from battle casualties 
had exceeded disease in World War I. 
Comparing directly deaths from battle 
casualties and disease in the 2 wars, the 
ratio in the European phase of World 
War I was slightly better than 2 to 1; 
in the second war about 92 to 1. 


RATE 
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Fig. 4. — Admissions to hospitals and quarters, all causes, European Theater of Operations, U. S. 
Army, rates per 1000 strength per annum, February 1942 to June 1945 inclusive. 
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Fio. 5.— All dise.nses, admissions to hospitals and quarters, European Theater of Operations, U.S. 
.•Army, rates per 1000 strength per annum, by month Februarj- 1942 to June 1945 inclusive. 


The 2 European Wars of the United 
States offer an opportunity for comparison 
of the changing trends in causes of death 
among military casualties (Fig. 6). Battle 
casualties Averc the principal cause in both 
instance.s, but disease dropped from a 


Losses from battle casualties are diffi- 
cult to compare because so much depends 
upon the tj-pe of campaign and the deA'el- 
opment of weapons of war. These 2 cam- 
paigns Avere fought in the same general 
region and against the same enemy; to 





320 


PBOGRESS OF MEDICAL SCIENCE 


that extent the comparison is reasonable. 
At anji" rate, deaths from battle casualties 
were proportionatel^y less in World War II 
than in World War I and it is reasonable 
to interpret that difference as related to 
improved methods of medical care. Ex- 
pectedlj’’ the active open warfare of the 
more recent experience would lead to a 
greater proportion of casualties than the 
static trench warfare which characterized 


the greater hazards associated with a more 
highly mechanized warfare. 

The e.xperience thus far presented in 
respect to the casualties resulting from 
disease in World War II have related 
wholly to the European Theater of Opera- 
tions. The e.vperience for all 9 theaters 
of operation through June of 1945 is pre- 
sented in Table 2, but carries no sugges- 
tion of a comparison of results or an 


RATE 



Fig. C.— Causes of death in World Wars I and II, troops of the AEF (April 1917 to December 191S 
inclusive) and of the European Theater of Operations (Februnrj’ 1947 to June 1945 inclusive), U. S. 
Army, average rates per 1000 strength per annum. 


Table 2.— .\ll Diseases, .4.diussxoms to Hospitals asd Qoartbbs, Total .4.r.mv. Cokti nental 
United St.ates and Theaters or Operations, U. S. Aruv (Cases a.vd Rates per 
1000 Strength per An-ntim, bt Years. J.anuart 1942 to Jcnb 1945, Inclubwe. 


Total 


Theater 

Cases 

Rate 

Total Army . 

14,120,214 

cor 

Continental United 



States . . , . 

S, 578,205 

053 

Total Overseas . 

5,541.949 

090 

Africa-.^^^dd^e Ea'Jt . 

123,330 

940 

Cbina-Burma-India 

308,800 

929 

Southwest Parific . 

1,117,120 

920 

^!editc^^ancan . 

1,148,934 

849 

South America . 

235,832 

070 

Pacific Ocean Area . 

020,954 

COO 

Alaska ...» 

155,041 

571 

Europe . . 

1,735,203 

540 

Xorth America , 

90,003 

534 


1942 


1943 


Cases 

Rate 

Cases 

Rate 

2,047,000 

C7I 

5,103,700 

7CS 

1,099,134 

099 

3.793.5SS 

739 

348,472 

679 

1,370.172 

800 

7,783 

1350 

59.073 

1107 

5,951 

1010 

45,630 

991 

55,751 

832 

204,207 

1040 

9.018 

451 

400,019 

943 

84,804 

825 

82,748 

CS4 

72,812 

494 

239,851 

813 

33,504 

6CS 

71,015 

024 

50,881 

700 

221,078 

837 

27,248 

672 

39,285 

548 


1944 1945 


C.ases 

Rate 

Cases 

R.ate 

4,550,058 

GOO 

2,358,190 

009 

2,261,800 

504 

823,743 

571 

2,288,858 

054 

1,534.447 

031 

42,408 

890 

14,012 

5ST 

171,710 

1077 

85,503 

707 

465,289 

840 

391,813 

1000 

558,051 

8-40 

174,640 

726 

40,448 

540 

21.772 

558 

221,457 

501 

92,834 

448 

.39.700 

478 

10,090 

431 

725,437 

492 

737,807 

538 

18,220 

433 

5,904 

3S2 


Source: McAical Statistics Di\*ision, OiGcc of The Suracon-Gcncral, War Department, Washington, D. C. 


SO much of operations in 19IS. While 
the differences in death rates from b.attle 
casualties during the 2 wars is not great, 
that in respect to disease is most striking. 
The losses in 1012-4.5 were but a fraction 
of those of the proNious e.xperience, essen- 
tially one-fortieth. Only in respect to 
non-battle injuries did the death rates of 
World IV.'ir If rival tiiose of World War I. 
Tile Hill'S were almost identical despite 


attempted measurement of accomplisii- 
ment in these several areas of military 
actirity. It is wholly evident that lo.sses 
from disease are subject to great variation 
according to differences in environment, 
the kinds of risk to ivliich troops arc 
subjected, the prevailing health hazards, 
and the prevaienre of particular com- 
municable diseases. ft is, liowever, a 
matter of satisfaction that wiiere environ- 
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mental conditions were similar and risks 
comparable, the morbidity rates for dis- 
ease in overseas theaters compared favor- 
ably with those experienced by troops 
stationed in continental United States, 
which was 653 per 1000 strength per 
anmim. Four theaters actually had better 
rates, although allowance must be made 
for the problems associated with recruits 
in the Zone of the Interior, and the greater 
resistance of seasoned troops who went 
overseas. 

The North American Theater had the 
best morbidity rate for disease of all forms, 
534 per 1000 strength per year. The 
European Theater, the largest in respect 
to troop strength, was next. The highest 
morbidity was experienced by troops of 
the Africa-Middle East Theater, followed 
closely by those stationed in the China- 
Burma-India area and in the South-West 
Pacific. The admittedly greater hazard 
of the Mediterranean area of Europe as 
contrasted with northwest Europe is re- 
flected in average annual rates for disease 
of 849 and 546 per 1000 strength per year. 

The analysis of the component causes 
which served to determine these rates, 
and a comparison of experience between 
theaters, is beyond the scope or intent of 
this presentation. The results universally 
obtained in respect to a particular disease 
long recognized as a peculiar hazard of 
war, are nevertheless so striking as to 
deserve special mention. In the European 
Theater of Operations where battle casu- 
alties were more numerous than in any 
other theater, both the mortality and the 
morbidity rates for tetanus were less than’ 
among troops stationed in continental 
United States, thousands of miles from a 
field of battle. The almost unbelievably 
good results, a single case and a single 
death during the whole period of opera- 
tions in Europe, are attributable to the 
remarkable clfectivencss of active im- 
munization brought about by tetanus tox- 
oid. No soldier left America without im- 
munization and the greater rates in the 
Zone of the Interior, of themselves incon- 
sequential, were related to tetanus infec- 


tion among recruits before immunization 
had been accomplished. The detailed cir- 
cumstances of this experience in all 
theaters of operation have been presented 
by Long and SartwelU^ 

World War II involved more men and 
extended over a greater geographical area 
than any other in historJ^ The successful 
result that accrued to the American arms 
was influenced in forceful degree by the 
action of favorable casualty rates for dis- 
ease pre\dously without precedent. The 
overall results speak for themselves. The 
extent to which disease influenced indi- 
vidual campaigns remains to be examined, 
first in respect to long-term strategic 
action and secondly as an immediate 
tactical influence. 

Strategic Influence of Disease. 
Rarel}’- does the practice of epidemiology 
on the grand scale reach such potentiali- 
ties as in war. The epidemic of typhus 
fever that eventually involved American 
troops in Germany in 1945 constitutes an 
outstanding example of the strategic in- 
fluence of disease in field operations. The 
epidemic was evident well in advance of 
the time that it became an immediate 
military problem, with the result that 
plans and an organization for meeting the 
situation got under way as early as 1941. 

The probable situation at different 
times in the projected course of military 
operations was analyzed in detail. Ar- 
rangements for a cordon sanitaire along 
the Rhine River vdth tentative ports of 
entry were set up 3 years before an 
American soldier crossed that river. A 
significant change in procedure was in- 
corporated in the plan in 1944 when the 
value of the newly developed insecticide 
DDT became evident. Unit responsibil- 
ity for control measures in the particular 
area of influence was recognized as the 
fundamental approach. Provision was 
made at theater and army echelons for 
teams trained in diagnostic and insect 
control procedures to furnish the neces- 
sary aid and consultation to unit surgeons. 
The proper administration of the cordon 
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sanitalre was made the responsibility of 
the army group. 

Typhus was found in Germany in 
March 1945 as anticipated, in all a total 
of 17,000 cases.^ The number of secondary 
infections was surprisingly few. The out- 
break was eliminated mthin 3 months. 
During this time only 3 American soldiers 
contracted the disease, 2 of them physi- 
eians engaged in typhus control. The 
results contrast with what took place in 
1918, although at that time material 
progress had already been made in knowl- 
edge of this epidemic disease and in meas- 
ures for its control. More than 5,000,000 
persons’® had typhus fever in Russia alone^ 
and deaths have been estimated at 2,000,- 
000; in Serbia’® essentially one-fifth of the 
population was involved in the epidemic, 
with 150,000 deaths®® in a 6 month period 
of 1915. The potentialities for a similar 
major epidemic in 1945 were decidedly 
great, for the e.xisting circumstances were 
not dissimilar from those of 1918. The 
difference in result was determined by 
the advances in technical knowledge that 
had taken place within recent years, and 
the new measures for control that were 
provided. It depended upon careful plan- 
ning at staff levels, adequate provision of 
supplies, organization of the special United 
States of America Typhus Commission, 
and finally the thorough mobilization of 
the field medical services who did the 
work of control. From a strategical stand- 
point, the casualties from this caxise among 
military personnel were negligible. Not 
a single death occurred from a disease 
recognized as one of the great pestilences 
of man, and characterized by a notably 
high fatality. Still more important was 
the absence of any interference with mili- 
tary operations at a critical time in the 
developing final offensive. The army suf- 
fered no significant losses itself, nor was 
it called upon because of tj'phus to pro- 
vide medical and other care to an over- 
whelmed civilian population of occupied 
territory. 

Malaria in the Southwest Pacific con- 
stituted a strategic problem of equal im- 


portance to that of typhus fever in 
Europe. Advance planning had likewise 
been concerned with the provision of 
malaria control supplies, the development 
of method, and the training of personnel 
to combat this communicable disease. 
The early years of operations in that 
theater were attended with shipping diffi- 
culties. It is a function of theater author- 
ity to allot tonnage and a choice had to 
be made among the various classes of 
supplies assembled at ports of debarka- 
tion. The choice was made with the 
result that troops taking part in the early 
campaigns in the Solomons and in New 
Guinea were without sufficient malaria 
control supplies and lacked specially 
trained control organizations. The casu- 
alties from malaria were high. In the 
South Pacific Area the attack rate for 
malaria reached 696 per 1000 per year in 
August 1943. In the Southwest Pacific 
Theater the attack rate early that year 
exceeded 400. Four American and 2 
Australian Divisions were incapacitated 
for periods of more than 6 months. At 
one time more than 30% of available 
beds in the Southwest Pacific Theater 
w'cre occupied by malarial patients. Sub- 
sequently the situation improved greatly. 
Survey and control units W’ere assigned 
to field control, the necessary' supplies 
■were shipped and strong emphasis was 
placed by command on the improvement 
of malaria discipline among troops. The 
morbidity rate for malaria declined stead- 
ily during the latter half of 1943, and in 
1944, so that by 1945 the attack rate was 
less than 40 cases per 1000 troop strength 
per year in the better areas. The e.x- 
tent of the problem is indicated by the 
loss of 800,000 man daj-s from malaria in 
the Southwest Pacific Theater in 1943, 
this constituting a fourth of the losses 
from all disease. The proportion was re- 
duced to 5% in 1944; and the old ratio 
of greater losses from disease tlian from 
battle casualties again returned to the 
more favorable circumstance which char- 
acterizes modern warfare. The strategic 
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problem was met, but after avoidable 
losses. 

The principle in facing a problem where 
the influence of disease is involved, is a 
question of how many effectives can be 
maintained in the line. Medical weapons 
and medical supplies may be as important 
a consideration as the number of troops 
made available or the basic military sup- 
plies of ammunition, rations and motor 
fuel. 


little variation (Fig. 7). The rate for the 
year 1944 was actually the best of the 
4 years despite the autumn campaign in 
France and appreciable losses in the last 
2 months of that year from trench foot, 
a major item in the category of non-battle 
injury. The excess rate for 1945 was 
almost wholly of that origin and yet the 
rate for the year was not greatly in excess 
of the first training year of 1942. 

The attack rate for disease was much 


RATE 



Fig. 7.— Non-battlo injuries, admissions to hospitals and quarters, European Theater of Operations, 
U. S. Army, rates per 1000 strength per annvm, February 1942 to June 1945 inclusive. 


Table 3.— Non-battle Injobies, Admissions to Hospitals and Quabters, Total Army, Conti- 
nental United States, and Theaters op Operations, U. S. Arjiy (Cases and Rates 
PER 1000 Strength, per Annum, by Years, January 1942 to June 1945, Incluswe) 


Theater 

Total Army .... 
Continental United States 
Total Overseas . 

Alaska 

Soutlnvcst Pacific . 
Mediterranean , 

North Aincrica . 
Africa-Middle Ea.st . 
Pacific Ocean .Area . 
European .... 
Chinn-Burmn-Indin 
South America . 


Total 


1942 


1943 


1944 


1945 


Cases 

Rate 

Cases 

Rate 

Cases 

Rato 

Cases 

Rate 

Cases 

Rate 

1,921,342 

91 

294,288 

90 

624,849 

93 

600,209 

89 

335,996 

87 

987.1C3 

75 

230.3GG 

91 

412,055 

80 

270,530 

07 

73,606 

51 

934,179 

116 

03,922 

125 

212,194 

133 

395,673 

113 

262,390 

108 

41.341 

152 

7,C19 

152 

20,852 

182 

10,558 

127 

2,312 

99 

1 GO, 758 

138 

11,903 

178 

33,317 

171 

77,046 

139 

44,432 

114 

179.581 

133 

2.040 

9G 

64,075 

149 

91,063 

138 

22,403 

93 

21,160 

125 

0,330 

156 

9,747 

136 

4.005 

96 

1,018 

66 

14,079 

113 

928 

162 

7,409 

140 

4,712 

99 

1,570 

66 

111,300 

107 

15,379 

104 

33,590 

114 

43,648 

111 

18,749 

90 

335,445 

105 

8,023 

110 

20,497 

100 

143,201 

97 

157,724 

115 

31,541 

95 

4G0 

81 

3.893 

84 

15,385 

90 

11,803 

98 

32,308 

93 

11.180 

109 

12,754 

105 

5,995 

70 

2,379 

61 


Source; Mcdic.al Statistics Division, Ofllcc of The Surgeon-Gcncrnl, War Department, Washington. D. C. 


Non-u.vtti.e Iniury as A Strategic 
AND Tactical Influence. The experi- 
ence of the European Theater of Opera- 
rions may be taken in illustration of tJie 
regularity with which losses from this 
class of military casualty occur. Irrespec- 
tive of whether operations relate to a time 
of training or to an active campaign in 
the field, the number of men lost by 
reason of non-battle injury is subject to 


greater than that for non-battle injury, 
varying from a ratio of S to 1 in the most 
unfavorable year to a relationship of 5 to 
1 under the most favorable conditions 
(Fig. 4). The difference between the 2 
conditions is less marked when judged on 
the basis of the resulting non-effective- 
ness, since the period of disability from 
injury is longer than that for disease 
(Fig. 2). 
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A comparison of morbidity rates for 
non-battle injury in the several theaters 
of operation shows a variation in experi- 
ence considerably less marked than for 
disease (Table 3). Without exception, 
casualties from non-battle injury were 
more frequent in theaters of operation 
than in continental United States, since 
no theater approached the average rate 
of 75 per 1000 strength per year estab- 
lished by troops of the Zone of the Interior. 
The influence of environment on the record 
attained was strongly evident. The Alas- 


under a given set of conditions can be 
influenced by the extent to which preven- 
tive measures are applied. The important 
component conditions of motor accidents 
and trench foot are decidedly in point. 

Trench foot in Attu, in Cassino and in the 
European Theater was a strategic prob- 
lem of preventive medicine. The condi- 
tion is an accompaniment of campaigns 
in wet cold climates. In a given week, 
in November 1944, 3000 cases occurred 
in a single field army. In the months 
that followed, all combat troops of the 


CASES AND PRECIPITATION 

TEMPERATURE CFJ CINCHES) 



Fin. S.— Cold injury in an infantry division, frequency of cases by UTpo of military operation, 
temperature (° F.) and precipitation in inche.s. 


kan Theater with 1 of the best rates for 
disease had the highest rate for non-battle 
injuries, and conversely the China-Burma- 
India Theater, with a rate of 929 per 
1000 per year for disease, had the admira- 
ble record of 95 for non-battle injuries. 
.\gain it is to be emphasized that no 
direct comparison between theaters can 
lie mafic on the b.asi.s of these crude rates 
because environmental and tactical condi- 
tion.s vancfl greatly. The important con- 
sirlcration is that these are in large p.art 
uvevcntabfe contiitions, and the rate 


European Theater were involved in vary- 
ing degree.® Field control was strictly an 
epidemiologic problem. .Attack rates were 
shown to bear a definite relationship to 
the e.xisting tactical situation. The risk 
varied as troops were on the offense, 
engaged in holding actions, under static 
conditions, or in rest areas. The kind of 
weather e.verted an influence, likewise the 
character and amount of clothing and 
equipment. Qualities ot the terrain could 
lie demonstrated as a contributing factor 
and of flccided significance were the 
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methods of management of troops. The 
ineidence was by no means uniform. 
Certain armies, divisions, regiments and 
even battalions suffered inordinately in 
comparison with neighboring units operat- 
ing under similar environmental circum- 
stances. Riflemen were affected beyond 
all other occupational army groups, with 
more than 90 % of cases in this important 
component of the ground forces. The 
importance of this circumstance becomes 
evident when translated into terms of 
effective combat strength. A loss of 
15,000 men from trench foot is seemingly 
the equivalent of 1 division and yet with 
4000 riflemen to a division and 90% of 
the casualties within that group, the 
actual loss is 4 effective fighting divisions. 
The contributing causes of the condition 
and its incidence varied from place to 
place and from time to time. The princi- 
ple of prevention is evident — an epidemi- 
ologic analysis of cause and effect (Fig. 8) 
and a fitting of control measures to the 
individual circumstances. 

Three times in the course of World 
War II, trench foot was encountered as 
a strategic problem and 3 times the losses 
were beyond calculated risk or reasonable 
expectancy. The invasion of the Japanese 
mainland would have presented a fourth 
situation, for the environmental conditions 
predisposed in a degree comparable to 
those of Italy and northwest Europe. 
The combined opinion and effort of sev- 
eral arms and ser^^ees went into the 
development and initiation of a plan which 
included the chief considerations of cloth- 
ing and supplies, education of the indi- 
vidual soldier, the organization of special 
trench foot control units, and the admin- 
istrative action of command. What was 
done never came to test, for hostilities 
ended before Japan was invaded. It 
behooves any future planning group con- 
certicd with a campaign in wet cold cli- 
mates to review that plan. 

Summaty. The strategic influences of 
disease on military operations are under- 
stood to include those medical problems 
continuously present and e.xisting by 


reason of environmental or ecologic influ- 
ences peculiar to a given situation. They 
may represent problems of disease, as with 
malaria; or of injury, as indicated by the 
continually existing accident problem. 
Conversely, strategic problems may be 
temporary and unusual, but not unex- 
pected. They are the carefully defined 
results of an anticipated change in eco- 
logic equilibrium. When American sol- 
diers set out for the Normandy beaches 
in June 1944, difficulties in respect to 
trench foot were certain to occur the fol- 
lowing autumn and winter, with the 
extent of losses dependent upon the ade- 
quacy of plans and the sufficiency of 
supplies for prevention and control. The 
counterpart in respect to disease is illus- 
trated by typhus fever in Europe, exist- 
ing under conditions incident to war, 
although a disease normally absent. 

Medical problems of tactical signifi- 
cance are those relating to the immediate 
situation. They may be so far-reaching 
as to involve most of tlie members of a 
military community. More commonly 
they are localized and sometimes highly 
individual. Under all circumstances they 
require prompt analysis of the situation 
and the institution of specifically directed 
control measures. The suddenly develop- 
ing epidemic of influenza in Great Britain 
in 1943 was an example of a widespread 
tactical problem in military preventive 
medicine. The more usual illustration 
was tliat of an excess accident rate in a 
Quartermaster depot, the abnormal preva- 
lence of venereal disease at a port of 
embarkation, or the series of peculiar ill- 
nesses at a chemical warfare service im- 
pregnation plant. These are the problems 
of the day and find complete analogy in 
similar occurrences of civilian communi- 
ties. 

The utilization of the medical serNnees 
of a combat force to meet the strategic 
and tactical problems introduced into 
military operations by reason of disease 
requires more than adequate care of the 
sick and wounded. IMany of the more 
important problems are essentially mat- 
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ters of preventive medicine. Thej’’ are of 
2 kinds: the group problems of the mili- 
tary communitj^ and the health problems 
that relate to the individual soldier. The 
group problems extend much farther than 
the control of epidemics and the manage- 
ment of communicable disease. Under 
modern conditions the infections become 
progressively less important and concomi- 
tantly non-communicable processes attain 
increasing significance — injury, accidents, 
trench foot— and a variety of nutritional, 
neuropsychiatric and other diseases, un- 
related to communicability and yet of 
epidemiologic importance. 


The health problems of the individual 
soldier rate equal importance vdth strictly 
group problems, since clothing, housing, 
nutrition and psychologic management 
act importantly in decreasing the slow 
attrition from disease and disability, which 
if exaggerated can approach in losses those 
that result from epidemic disease. 

A basic principle in minimizing the 
adverse strategic and tactical influences 
of disease on military operations rests in 
a protective maintenance applied to men 
as well as to machine. And that is pre- 
ventive medicine in its simplest terms. 
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Mankind seems to enjoy placing a wide 
variety of objects into the mouth, but 
displays a widespread dislike of the needle 
puncture. From these impulsions, which 
are perhaps primordial, may derive much 
of the preference likely to be shown for 
oral ingestion rather than hypodermic in- 
jection of specific therapeutic and prophy- 
lactic substances, whether narcotics, endo- 
crines, vitamins, sulfonamides, antibiotics 
or immunizing agents. 

Sounder reasons for this preference may, 
of course, be advanced. For instance, 
peroral administration is simpler and 
cheaper, involving neither apparatus nor 
professional attendants. The obviation 
of local reactions at the injected site is 
also important, especiallj'^ when dealing 
Yvith sick or enfeebled patients, with sub- 
jects allergic to some bacterial product, 
or whenever it is essential that a minimum 
of hours should be lost from Yvork, e. g., by 
doctors, nurses and persons in the armed 
forces. Again, the possibility of a quicker 
rate of immunity development embodies 
many obvious advantages. Enthusiasm 
among immunologists for oral vaccination 
has been discontinuous and scattered, but 
understanding of its limitations has been 
only tentative. Hence, even the most 
hardened sceptic may experience at times 
a powerful attraction to the faith that an 
effective multiple antigen might be de- 
vised which could be swallowed b\’ any- 
one whenever the occasion demanded; 


while a few of the more optimistic appear 
unable to exorcise themselves from a vision 
of some omnivalent pill, to be put out in 
a bottle discrete in size, elegant in shape, 
and of various styles to match the bed- 
room dressing-table decor of all smart 
people! These considerations, bolstered 
by the undeniable eYudence that certain 
microorganisms or their toxins customarily 
gain access to the human body through 
the gastro-intestinal tract, perhaps ac- 
count for the recurrent interest shown in 
oral immunization by reputable investi- 
gators. They no doubt also serve as inspi- 
ration for the unflagging eagerness of some 
manufacturers to feed the gullible with 
specious half-truths and impotent prepa- 
rations. 

Counterbalancing the possible advan- 
tages of the oral route are certain a -priori 
handicaps to its effective use. The vagaries 
of human nature could obYuously make the 
very convenience of this method an induce- 
ment for taking the medicine only as the 
spirit moved, rather than according to 
prescription; and the community, no less 
than the indmdual, would suffer the con- 
sequences of such sporadic and unrecorded 
self-administration. The already high in- 
cidence of unfulfilled obligations to seek 
specific protection against infection in the 
interests of one’s own and one’s neighbor’s 
health might climb rather than fall; while 
the present meager statistics on the immu- 
nity status of given populations would be 
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further vitiated. Again, licensing authori- 
ties face imposing difficulties in attempt- 
ing to check the composition and antigenic 
properties of a vaccine to be administered 
in pill, capsule or lozenge form, or of an 
elixir alleged to contain some bacterial 
metabolite of extraordinarily subtle virtue. 
In fact, it is no prejudgment of the issue 
to state that advocacy of oral immuniza- 
tion tempts the streak of charlatanism 
present in too many of us. 

The Plan of Approach. However, the 
main purposes of this review are not to 
discuss the pros and cons of immunization 
-per os in terms of psychologic and com- 
mercial problems involved, but rather to 
assess the feasibility and efficiency of the 
method as judged by evidence presented 
in the extensive and often conflicting liter- 
ature; and also, to attempt a brief elucida- 
tion, in terms of modern immunologic 
conceptions, of the factors contributing 
to whatever theoretical and practical in- 
adequacies may become apparent. The 
topic will not be reviewed from a narrowly 
historical or evolutionary standpoint; nor 
can reference be made to every publication 
bearing upon it. In the earlier years, a 
majority of reports on oral immunization 
appeared in the foreign journals, chiefly 
French and German. In some instances, 
these journals have not been available; in 
others, records of results which seemed 
unduly repetitive or trivial have been 
omitted. Some important work may have 
been unintentionally overlooked; but an 
effort has been made to aceord fair credit 
and representation to the more significant 
contributions, and readers desiring to sup- 
plement the biblography can readily do so 
by consulting thesercfercnccs. 

From the beginning, investigators have 
tended to acquire interest in oral immun- 
ization out of concern with some human 
or animal infection for which the alimen- 
tary canal was believed the customary 
portal of entry, or the main seat of injury. 
Pasteur, for instance, ma<ie the earliest 
clear-cut reference to the possibility of 
immunization by ingc'stion. in a footnote 


to a paper on the etiology of anthrax, 
presented in 1880 to the Academy of 
Sciences in Paris, in collaboration with 
his colleagues Chamberland and Roux:’^ 
“Chickens that have been given food in- 
fected noth the microbe of fowl cholera, 
and do not die, may have been vaccinated. 
Hence one may ask if one could not man- 
age to vaccinate sheep against anthrax by 
submitting them preriouslyand gradually 
to meals infected with the spores of the 
parasite.” 

A quarter of a century later, in 1906, 
Calmette and Guerin,-® having become 
con\dnced that tuberculosis of man and 
animals, even in its pulmonary manifesta- 
tions, was of intestinal origin, reported 
that they had thence been led to investi- 
gate “ if it would be possible to vaccinate 
animals susceptible to tuberculosis against 
the natural infection by causing them to 
absorb through the digestive tract, young, 
while modified, attenuated or avirulent 
tubercle bacilli.” 

Again, Besredka's theory of local im- 
munization largely stemmed from experi- 
ments on the problem of infecting mice 
orally m'tb paratyphoid bacilli. The cru- 
cial observation was recorded thus in a 
paper by himself and Bass^ches:*® "One 
day, lacking fresh mice for a control ex- 
periment, we thought of using a mouse 
which had received, 1 month previously, 
paratyphoifl bacilli by mouth. Having 
injected this mouse with a certainly fatal 
dose of a virulent paratyphoid culture, 
what was our surprise to find it, next day, 
gaily chewing its oats as if it had received 
nothing.” 

These examples may serve to illustrate 
the point that there has been all along a 
disposition to assume that those micro- 
organisms and their toxic metabolites 
which cause disease by naturally travers- 
ing the alimentary tract of man or animals, 
or ivhich seem to exert their major patho- 
genic effects thereon, are the ones most 
likely to prove antigenic when taken by 
mouth. The validity of this assumption 
need not be discus-^ed, still less accepted 
at this stage. But its provisional adop- 
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tion suggests a convenient order to follow 
in the main part of this review. 

Classification of Pathogenic Agents 
Under Eeview. Consideration will first 
be given to those pathogenic agents to 
which the term “enterotropic” may, with 
some reservations, be applied. Succeeding 
sections will review these agents in turn, 
arranged roughly according to diminishing 
degrees of apparent natural affinity for the 
intestinal tract. Since oral immunization 
is a process directed against microorgan- 
isms or their toxins, rather than against 
clinical syndromes, the sequence to be 
followed will be indicated here by listing 
representatives of each section. 

1. Ebcrihclla iyphosa, Salmonella para- 
typhi B and other members of the 
Salmonella group. 

2. Shigella dyscnterise (shigx), and other 
members of the Shigella group. 

3. Mycobacterium tuberculosis. 

4. Clostridium botulinum toxin, and 
Staphylococcus cntcrotoxin. 

5. Pastcurclla pcstis, Brucella abortus, 
and certain animal pathogens. 

6. Staphylococcus, Streptococcus, and 
pneumococcus 

7. Miscellaneous preparatio7is, including 
mixed “cold” vaccines. 

Each of these agents will be scrutinized 
in the light of the relevant reports. Criti- 
cal comments will only be interjected 
where these seem necessary for proper 
interpretation of results. Criticisms of a 
general nature will mostly be reserved for 
the final discussion. 

EbERTHELLA-SaLMON ELLA ORGANISMS. 
More widespread use of antityphoid inocu- 
lations has been delayed by disputes about 
the significance of the various humoral 
antibodies which may be detectable after 
vaccination, by failure to recognize that 
immunity is in any event relative rather 
than absolute, and by the argument that 
improved standards of community sanita- 
tion and personal hygiene have been of 
paramount importance in reducing the 
incidence of typhoid fever in recent 
decades. Faulty methods of manufacture, 
and tlie administration of inadequate 
dosages of typlioid vaccine, have also led 


to disappointment. Nevertheless, few 
authorities now remain unconvinced of 
the value of antityphoid inoculations — 
particularlj' in time of war and other 
emergencies, or in areas where sanitary 
standards are low. A good summary -of 
the earlier statistical data bearing on the 
efficacy of this practice has been provided 
by Harvey.®^ 

The reactions liable to follow subcuta- 
neous injection of the vaccine are admit- 
tedly a serious handicap. Indeed, the 
recurrent efforts made to provoke effective 
immunity by some form of peroral vac- 
cination largely stem from a desire to 
avoid these unto'ward reactions. The 
results obtained earlier wmrkers w'ere 
on the whole so disappointing that inter- 
est in this mode of administration lapsed, 
until revived by Besredka’s vigorous 
championship of the local immunity con- 
cept. He visualized oral vaccination 
against the enteric group of infections as 
the most important and logical application 
of his principles. His contentions will 
later be critically appraised. 

Typhoid fever is now recognized as one 
of a large group of related infections. The 
similarities in epidemiologic and immuno- 
logic characteristics beUveen typhoid and 
paratyphoid A and B fevers led to the 
custom of adding S. paratyphosa A and B 
to the suspension of Eb. iyphosa in the 
preparation of the mixture known as 
T.A.B. vaccine. More recently, these 3 
microorganisms have been assigned a place 
in the still-enlarging Salmonella group, 
wdiere they are linked, under the Kauff- 
mann-White schema of classification, with 
some 150 other known types of human or 
animal pathogens, possessing certain cul- 
tural, biochemical and agglutinogenic pro- 
perties in common. The many reports of 
earlier workers on oral immunization 
against typhoid and parat.^'phoid fevers 
will therefore be considered together wdth 
the few reports involving such related 
types as S. typhi murium. 

In general, reports on oral immunization 
against enteric infections have furnished 
evidence of the following types: (i) Levels 
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of titratable antibodies attained in experi- 
mental animals or man folloiving vaccina- 
tion. 

(w) Protection displayed by vaccinated 
laboratory animals or man against the 
homologous pathogenic agent. 

(m) Statistical data on specific resist- 
ance to infection following vaccination of 
population groups in endemic or epidemic 
areas. 

The first 2 of these headings may con- 
veniently be merged for present purposes. 

Effect of Vaccination per Os on Specific 
Antibody Formation and Immunity Devel- 
opment. In 1904, WrighP*® reported 
administered heat-killed cultures of Eb. 
typhosa to 7 persons by mouth, 3 of whom 
developed a marked increase in the bac- 
tericidal power of their blood, while 4 
showed a decrease. One person complain- 
ed of diarrhea and constitutional disturb- 
ances, but the others suffered no reaction. 
In the same year, Tchitchkine’^® fed live 
typhoid cultures to rabbits, and noted 
the appearance of agglutinins, complement 
fixing bodies, and precipitins in the blood 
serum. Sera from such animals gave no 
passive protection. Ingeked typhoid cul- 
ture filtrates sometimes evoked weak ag- 
glutinin production in rabbits. Loefiler*®® 
reported in 1906 having conferred some 
measure of immunity upon white mice 
and field mice, which had been fed repeat- 
edly witii heat-killed cultures of 5. typhi 
mttrinm. Some of these mice proved re- 
sistant to vurulent, living cultures given 
orally, but not to similar cultures injected 
subcutaneously orintrajjeritoneally.' Since 
the orally vaccinated field mice showed 
no agglutinin formation, Loeffler conclud- 
ed that their acquired immunity was not 
general, but loralized in the intestinal 
mucosa. Two years later, Wolf'®' obtained 
essentially similar results with white mice, 
which developed some resistance to inges- 
tion of vindent ctdturcs of S. paratyphi B, 
after prolonged feeding with broth cul- 
tures of living but a\inilent strains. He 
noted that s{)ccific baclerioly.cins devel- 
oped, hilt no agglutinin.'. 

In 1910, I.ei=hman’''‘ rcj^ried discour- 


aging results in man from attempts at 
peroral immunization with typhoid vac- 
cine. His^colleague, Major Harrison, had 
“endeavored to guide dead tj'phoid bae- 
teria past the dangers of the stomach into 
the intestine,” by administering to fellow 
officers in the British Army, pills contain- 
ing tjTphoid bacilli suspended in a matrix 
of fat and stearin. Others were given the 
bacilli suspended in lard, in gelatin cap- 
sules. Some subjects had gastric disturb- 
ances, and the effects upon the bactericidal 
jjower of the blood were irregular. 

Other workers of this period reported 
somewhat more promising results with 
laboratorj' animals. Kutscher and Mein- 
icke,'”® for instance, in 1906 claimed to 
have im m unized guinea pigs against S. 
paratyphi B and S. enferitidis by feeding 
a single large meal of parsnip pulp mixed 
m’th a 24 hour broth culture of either one 
of these microorganisms. Four weeks 
after the meal, most of these animals were 
resistant to 1000 to 10,000 minimal lethal 
doses injected intraperitoneally. Similar 
experiments with typhoid bacilli were un- 
successful. These workers also fed young 
calves, sheep, goats, dogs and a horse with 
1 large dose of paratyphoid culture. No 
agglutinins developed. Again Hida and 
Toyoda®® gave guinea pigs by mouth cap- 
sules containing typhoid, dysentery or 
cholera bacilli predigested with trypsin 
and pepsin, and noted development of 
scrum agglutinins and bacteriolysins. In- 
gestion of hcat-killcd cultures provoked 
no antibody formation. Shiga,'®’ on the 
other hand, demonstrated some immunity 
development in rabbits given heat-killed 
paratyphoid cultures by mouth. Alore- 
over, Briickner®® reported that mice given 
.several daily ingestions of an a%'irulent 
culture of .9. paratyphi B subsequently 
withstood a normally lethal subcutaneous 
(lose of virulent culture. Disagreeing with 
I.oefijer, he contended that intensive vne- 
rination per ns could give rise to a true 
general immunity. 

In 1911, .^^etchn^ko!T and Hcsredka,"* 
having shown th.nt tyjihoid fever could lie 
transmitted to chimpanzees, attempted to 
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vaccinate 1 of these anthropoids by giving 
orally on 2 occasions, 15 cc. of heat- 
killed Eb. typhosa culture. When chal- 
lenged 11 days later with a large dose of 
living typhoid bacilli, sufficient to cause 
severe illness in a control ape, the vacci- 
nated animal developed only a mild py- 
rexia. However, an attempt to reproduce 
this result was unsuccessful. Simultane- 
ously, Courmont and Rochaix^® vaccinated 
goats and rabbits orally and rectally, the 
latter route being better tolerated. Three 
doses of a polyvalent suspension of 8 day, 
heat-killed cultures of Eb, typhosa were 
administered rectally, at intervals of a 
few days, each dose being 100 cc. for rab- 
bits, and 250 cc. for goats. Agglutinating, 
bacteriolytic and bactericidal properties 
soon appeared in the serum, but the titer 
of agglutinins did not rise above 1:50. 
Fifteen days after the last rectal instilla- 
tion of vaccine, rabbits were able to resist, 
almost without symptom, an intravenous 
injection of virulent Eb. typhosa which 
killed controls in 28 hours. An unstated 
number of human subjects also received 3 
doses of 100 cc. of vaccine per rectum, at 
5 day intervals. There were no unfavor- 
able reactions, and circulating antibodies 
appeared after the 10th day. Courmont 
and Rochaix^® soon afterwards observed 
that rabbits vaccinated rectally resisted 
typhoid “toxin,” comprising an 8 day 
culture of Eb. typhosa heated to 53° C., 
in a dosage which killed normal rabbits 
within a few hours. The serum of vacci- 
nated animals neutralized the “toxin” 
when mixed therewith. 

In 1914, Lumiere and Che\Totier'°® re- 
ported experiments with a powdered form 
of polyvalent vaccine, prepanid from a 
mixture of washed, centrifuged and dried 
tj’phoid, paratyphoid, and coliform bacilli. 
The product, termed “entero-vaccin,” 
was administered in keratin capsules to 
guinea pigs, rabbits and humans, without 
any resulting fever, diarrhe.a or other re- 
actions of the types en .)untered by 
Courmont and Rochaix. Foiir months 
after receiving by mouth a total dosage 
of 3 billion bacilli per kg., taken in 3 por- 


tions at 8 day intervals, guinea pigs and 
rabbits showed a definite and lasting im- 
munity against a normally fatal intra- 
venous injection of any of these organisms. 
The enterovaccine of Lumiere and Chewo- 
tier was soon submitted to trial by 
Dubarry®^ on a large number of war pris- 
oners, none of whom complained of any 
ill-effects from the pills. In 1923, in a 
valuable review of vaccination by the 
buccal route, Calmette-^ stated that many 
physicians in France had used entero- 
vaccines, and that in a number of cases 
circulating agglutinins had developed. 

Bcsrcdka’s Animal Experiments on Oral 
Immunization. In 1918, Besredka and 
Bassfeches^® reported that mice acquired 
a specific immunity from paratyphoid 
bacilli given b^’- mouth. This immunity 
developed slowly, and was slight and 
transitory unless the mice ingested living 
cultures. The titratable antibodies were 
not mentioned. This paper, and another 
published by Besredka^^ soon afterward, 
initiated a series of publications which 
greatly influenced conceptions of immun- 
ity, particularly'- as regards oral immuniza- 
tion against enteric infections. 

Besredka noted that rabbits became 
more susceptible to living paratyphoid 
cultures given by mouth or intravenously 
after previous ingestion of ox-bile. He 
asserted that the bile caused desquama- 
tion of the intestinal mucosa, thus facili- 
tating absorption of the bacilli; and he 
deduced that the natural immunity of 
rabbits to orally administered paratyphoid 
baeilli -^vas localized in that mucosa, 
hloreover, although a normal rabbit 
gained no protection against paratyphoid 
bacilli from swallowing killed cultures, it 
became “ parfaitement vaccine” after pre- 
vious sensitization with bile, and was then 
refractory to bacilli introduced by mouth 
or intravenously. Since this acquired im- 
munity was established in 3 to 4 days, 
Besredka held that participation of anti- 
bodies in its mechanism was excluded. 

It in fact also be localized. 

Besredka soon e.xtended his conceptions 
to cover problems of susceptibility and 
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resistance of the rabbit to experimental 
infection with Shiga dysentery bacilli,*^*'* 
and typhoid bacUli.^®-^^ He now urged 
oral vaccination for human groups ex- 
posed to typhoid and paratyphoid fevers 
and to bacillary dysentery; arguing that 
a maximum defensive response should be 
evoked in the intestinal mucous membrane 
when microbes reached there directly. 
Thereafter, a formidable body of doctrine, 
and a queerly confused terminology, bur- 
geoned on shallow-rooted experimental 
data, until by 1927 the theory of local 
immunization had been extended by 
Besredka” to embrace many types of in- 
fections besides those hamng the intestinal 
tract as customary portal of entry. These 
claims were soon disputed. Zingher and 
Soletsky^®® vaccinated bile-prepared rab- 
bits orally with living or dead paratyphoid 
bacilli, and produced neither agglutinin 
nor resistance to similar bacilli injected 
intravenously. (Besredka** had 

noted that circulating agglutinin titers up 
to 1:80,000 might be attained in 3 or 
4 weeks by rabbits sensitized \nth bile, 
and then given a sublethal dose of li\nng 
paratyphoid bacilli by mouth. These ag- 
glutinins had quickly diminished, and did 
not reappear after subsequent ingestions 
of culture — an observation which he inter- 
preted as additional proof of the intestinal 
wall's impermeability’ in orally vaccinated 
rabbits, and also of the irrelevance of 
Immoral antibodies.) The only’ e.vperi- 
mental findings of Besredka’s which these 
workers confirmed was that the intrave- 
nous dose of living paratyphoid B bacilli 
required to kill rabbits prepared with bile 
was only’ about one-tenth of the lethal 
dose for unprepared animals. Webster’’’ 
.showed in 1022 that roughly the same 
percentage of inico acquired protection 
against an orally administered challenge 
with S. fvpfii innnum, irrespective of 
whether the vaccination route adopted 
itad been peroral (the natural route of 
infection in rnoiisc typhoifl), intrapleural, 
i>r intrafjeritoneal. In other worri.-, the 
immunity develojx’fl was of a general 
rath<T than a local nature. .Similar eon- 


clusions were later reached by Greenwood, 
Topley and Wilson.®^ In 1923, Webster’®’ 
noted marked indmdual variation, both 
in respect to susceptibility to infection, 
and of agglutinin production in surrivors, 
among mice infected j]cr os with a fixed 
dose of S. typhi His findings 

emphasized the need for employing large 
groups of animals in experiments of this 
ty'pe. particularly’ when (as in much of 
Besredka's work), the host species was 
normally refractory’ to the microorganism 
under test. Pursuing enquiries into the 
factors influencing host susceptibility in 
mouse typhoid, Webster’®’ found that 
0.25 cc. of ox-bile given by mouth to mice 
slightly increased the infection rate, but 
caused obvious discomfort and diarrhea. 
Lesser amounts had no effect upon sus- 
ceptibility, while 0.5 cc. either killed the 
mice mthin 24 hours, or made them ex- 
tremely ill, with severe diarrhea. Webster 
therefore conceded Besredka’s claim that 
treatment of rabbits with bile promotes 
absorption of bacteria given per os by 
injuring the intestinal mucosa, but empha- 
sized the excessive toxicity’ of the dose 
required to enhance intestinal permeabil- 
ity’ in mice. Calmette,” in 1923, and 
Eniows,®’ in 1925, pointed out the impos- 
sibility of administering to man the doses 
of ox-bile (2 to 3 cc. or more per kg.) used 
by Besredka as a preliminary to oral 
vaccination in rabbits. 

Further inquiries were launched into 
the necessity of using bile for elTcctive 
oral immunization of laljoratory’ animals 
by’ S6dan and Herrmann,’®’ wlm reported 
in 1924 that typhoid infection could be 
produced in fasting guinea pigs by intrn- 
mu-senjar injections of vinilent living cul- 
ture. Similar infection could be induced 
by much smaller doses injected into non- 
fasting animals, after 10 cc. of bile had 
been gi^’cn orally on each of the 2 days 
prccedinp the inoculation.s. Control ani- 
mals which had fasted 70 hours ^vcn‘ 
sacrificed, and showed a in'ic-stained intc.'=- 
tiiial niueo.<a, with desquarnafiori, hemor- 
rhage. and ab-ence of mucus—efrcct-s 
re^emhiing. on a stnalfer scale, tfio^e 
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produced by administration of bile. Burke 
and Barnes^^ in 1926 confirmed certain of 
Besredka's findings as regards immunissa- 
tion of rabbits by mouth with typhoid 
bacilli, but did not use bile. In their 
hands, oral vaccination proved less effec- 
tive than subcutaneous inoculation in 
stimulating agglutinin development; and 
they considered that mere ease of admin- 
istration, and reduced toxicity, did not 
warrant substituting the oral for the sub- 
cutaneous method. Again without resort- 
ing to bile, Kosmodemiansky®® reported in 
1928 that heat-killed cultures of S. para- 
typhosa B might prove fatal when given 
by mouth in large doses to pigeons. Sur- 
viving pigeons withstood challenges up 
to 6 M.L.D. given orally. Immunity 
sometimes developed after a single inges- 
tion of vaccine, about the 16th day; but 
the serum showed neither agglutinins, 
bacteriolysins, nor protective power. 

Besredka’s Oral Vaccination Methods 
Applied to Man. In certain parts of the 
world with an unduly high typhoid fever 
incidence, some form of Besredka’s “vac- 
cin bili^,” or “bili-vaccin,” was by now 
being tried out on man. Since reports 
on field trials of oral immunization mth 
typhoid-paratyphoid vaccine have seldom 
referred to antibody production, their 
consideration will be deferred. Findings 
on the time and degree of antibody de- 
velopment in experimental subjects will 
first be re^'iewed. 

Hoffstadt and Thompson®^ recorded in 
considerable detail, in 1929, the develop- 
ment of agglutinins in about 100 uni- 
versity students. Two-thirds of them 
took 1 cc. of T.A.B. vaccine (about 1 bil- 
lion typhoid bacilli) before breakfast, for 
3 successive days, in a glass of water. 
The remainder did likewise, but swallowed 
2 bile capsules before the first dose. There 
were no unfavorable reactions. Agglu- 
tinins against Eb. typhosa developed in 
SS.5% of the whole group, to titers of 
1:600 in some instances. Titers were 
highest 4 to 5 weeks after vaccination, 
and then declined irregularly for several 
months. Slightly more agglutinin pro- 


duction was shown by the bile-prepared 
subjects, and a small control group given 
the customary series of subcutaneous 
inoculations did still better. The same 
authors®® also found complement fixation 
and precipitin reactions in an equally high 
percentage of a smaller group of similarly 
treated students. Hoffstadt and Martin®® 
reported results of the same order follow- 
ing replacement of the fluid vaccine by 
gelatin capsules containing concentrated 
T.A.B. vaccine, mixed with ox-bile in 
a starch matrix. Tv’^o of 36 subjects 
reported abdominal reactions. The agglu- 
tinin titers attained a lower average level 
than in the groups taking fluid vaccine. 

Good agglutinin responses were also 
reported, in 1930, by Pijper and Dau,^®® 
who gave 40 billion heat-killed, dried 
Eb. typhosa, preceded by a bile pill, on 
3 successive days to 9 female patients (7 
of them native Bantus) in the Pretoria 
Mental Hospital. Agglutinins of 0 type 
developed in all the treated subjects, the 
highest titers being reached in about 
3 weeks. Pijper’®® had previously referred 
to the high frequency of 0-agglutinin for- 
mation in South Africa. The paper bj"^ 
himself and Dau suggests the more likeb'’ 
explanation that their techniques pro- 
moted unduly high readings; for they used 
live antigen suspensions, and recorded re- 
actions to the last trace, in most of their 
tests. Krause-Shimkin,®® in 1931, tested 
46 persons for tjqjhoid agglutinins, before 
and again tluree to 5 weeks after recei'vdng 
3 daily doses of T.A.B. vaccine, with bile, 
by mouth. Forty persons who had some 
time previous^'’ received tjqjhoid vaccine, 
either parenterally or by mouth, devel- 
oped 0-agglutinin titers up to 1:1000, 
the increases ranging to 20-fold in the 
former, and to 5-fold in the latter. Six 
persons not pre^dously vaccinated or in- 
fected, and vdihout initial agglutinins, 
developed O titers to 1:100 or 1:200. 
These reports of 0-agglutinin response in 
orally vaccinated subjects are interesting, 
in Hew of the greater immunologic sig- 
nificance attached to O as compared vdth 
H agglutinins. Topley and Wilson’-’ 
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have suggested the importance of know- inp, a bile pill being given the previous 
ing whether Vi agglutinins can be detected evening. The products were all prepared 
in orally vaccinated subjects. from the same strain of Eh. fyphosa. 

Finally, Riige'“ reported in 1932 gi^dng Samples of blood were collected 2 and 4 
22 men on 3 successive daj’S per os a tablet weeks respectively after the last dose of 


containing typhoid bacterial lysates. Four 
weeks later, 8 showed agglutinin titers of 
1:400, 8 had no agglutinins, and the re- 
mainder showed intermediate titers. Two 
subcutaneous injections of vaccine were 
then given, and the average titer for the 
group rose to betv'een 1 : 1600 and 1:3200: 
whereas controls receiving only the 2 
subcutaneous inoculations developed an 
average titer of 1:400 to 1:800. He con- 
cluded that oral vaccination might pro- 
duce a specific preparedness of the tissues, 
manifested in a more rapid and abundant 
production of antibodies on subsequent 
e.\posure to the same antigen. 

Many workers were much less success- 
ful. For instance, in 1924 Achard and 
Bloch' detected no agglutinins, but a de- 
layed and irregular development of com- 
plement-fixing bodies, in 8 persons who 
had received orally, along vdth a ehola- 
gogue, 2 ce. of standard T.A.B. vaccine 
before breakfast on G successive days. 
Similar negative results occurred in 5 
women, who swallowed 2 bili-vaccine pills 
daily for 3 days — double the dose then 
generally used. 

Poor serologic responses were likewise 
recorded by Rosa,''*'’ who fed 33 persons 
4 T.A.B. tablets on 2 successive days 
before breakfast. month later, 1 person 
showed typhoid agglutinins to a titer of 
1:200, and all the others had none. Pfeif- 
fer and Lubinski'-'’ also fed dried typhoid 
bacilli to 12 students, and 2 to 6 weeks 
later fouml no eireulating agglutinins or 
bncteriolysins. In 1937, I.ewin, Gear and 
Handaii'™'' published a eotnpurativc study 
of the anfiimdy formation, involving CO 
healthy South .tfnV.an natives. One 
group received sulieutancoiisiy 2 doses of 
typhoid vaeeine. with I week between 
do'es; another group was similarly treat- 
ed with Gra-'CiV typhoid “endotoxoid”; 
.and the third grouj) received oral typhoid 
v.areirie in pill fo.-m, on 3 .'•■iieer-ssive mom- 


vaccine, and the sera tested for H and 0 
agglutinins and complement-fixing bodies. 
A feeble antibody response was shown 
by' the orally vaccinated group. The 
average 0 agglutinin titer merely doubled, 
rising from roughly 1:20 to 1:40, by con- 
trast with an average rise to around 1:400 
in persons receiving the antigens subcu- 
taneously. 

More recently. Naumer and Ncrb'" 
gave a commercial preparation of typhoid 
vaccine orally to 6 indi\dduals, 3 of them 
children under 12 years of age. A capsule 
containing 10 billion heat-killed bacilli 
was taken fasting, without bile, on 3 suc- 
cessive mornings. There were no reactions 
but only 1 subject showed a slight rise in 
agglutinin titer. Elledge, Kennedy and 
Cumming*® also reported findings on a 
large group of adults, 1200 of whom re- 
ceived T.A B. vaccine subcutaneously, 
while 850 took it by mouth in capsules, 
again without bile, on 3 mornings before 
breakfast. Reactions were commoner 
among the subcutaneously inoculated, 
but nausea and “upset stomach” were 
noted by some who swallowed capsules. 
Slide agglutination tests carried out on 
50 persons in each group showed some 
agglutinin response among all injected 
vith vaccine, whereas 35 of the orally 
vaccinated group did not respond, and 
the rcmainrler had very low titers. 

To sum up this section, ingestion of 
large dosc.*^ of killed typhoid-paratyphoid 
bacilli may Icufl to antibody formation 
in laboratory animals and man. When 
antihoflics do appear, they arc at lower 
titers than tho.se cu.stomariJy noted after 
parenteral inoculations of similar antigen.?. 
Apart from conventional antil)Oflics, and 
any gcncnil immunity wliich tlic.'c may 
signify, animal exfjeriments suggest that 
."ome degree of local immunity may 
be induced in the inte.stinal %va[!, by in- 
gestion of cither living or Iieat-killed 
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vaccine; but the adequacy of any protec- 
tion afforded by these immunity mechan- 
isms appears dubious. Bile may facili- 
tate absorption of some orally admim's- 
tered antigens; but in the small doses 
employed clinically its effects must differ 
from those which follow treatment of ex- 
perimental animals with the large amounts 
used by Besredka. 

Prophylactic Administration of T.A.B. 
Vaccine Orally to Man. Most of the clini- 
cal reports on oral vaccination of man 
against enteric infection are unsatisfactory 
since immunization was usually begun in 
the decline phase of epidemics. Further, 
where oral and parenteral routes were 
compared, factors conditioning the choice 
of route in given individuals could have 
greatly affected their exposure risks. Only 
brief outlines will therefore be given of 
certain outbreaks hitherto adduced as evi- 
dence of the efficacy of oral immunization. 

Dubarry®^ reported the effects of vacci- 
nation in a serious outbreak of typhoid 
fever among 1000 prisoners of war at 
Toulouse in 1914. About 6 weeks after 
the epidemic began, 282 persons received 
3 injections of vaccine, while 373 took 
without ill-effects 2 of Lumiere and Chev- 
rotier enterovaccine pills. During the 
1st fortnight after vaccination began, 3 
persons receiving the injected vaccine de- 
veloped tj^ihoid fever. No further cases 
occurred tliereafter. The author naively 
states that the most energetic prophylactic 
measures were instituted simultaneously 
with vaccination. 

A number of similar reports appeared 
in France and South Africa soon after 
Besredka’s work had attracted attention, 
Vaillant^^’ first recorded a large-scale 
application of the bili-i'accination method 
to man. In 1921, a group of 6 villages in 
the war-<levastated region of Pas-de-Calais 
were stricken with a k\'phoid fever out- 
break. The living conditions were very 
squalid, with bad overcrowding, and 
contaminated wells. Vaccination was 
regarded as the sole weapon available 
against the epidemic; but in view of the 
general disinclination of the inhabitants 


to risk reactions, 1236 received the vac- 
cine orally, and 173 subcutaneously, while 
600 to 650 persons remained non-vacci- 
nated. Among the non-vaccinated there 
were altogether 50 cases of typhoid fever 
(21 after vaccination had begun in the 
area); among the subcutaneously vacci- 
nated, 4 cases developed within 5 to 
12 dajfs after the last injection; while only 
3 cases developed among the orally vac- 
cinated, all within 10 days after ingestion 
of the vaccine. Although Vaillant found 
these figures encouraging, he erred in cal- 
culating the incidence rate for the non- 
vaccinated on the basis of total cases since 
the epidemic began, instead of cases sub- 
sequent to commencement of vaccination, 
l^ffien this correction is made, the non- 
vaccinated case incidence was 3.2%, a 
figure approaching the 2,3 % incidence for 
the subcutaneously inoculated group. The 
superficially impressive difference between 
these rates, and the 0.17% incidence cal- 
culated for the orally vaccinated, is statis- 
tically insignificant in the face of lack of 
epidemiologic evidence pointing to equal- 
ity of exposure in the groups compared. 
Calmette^'* early pointed out that proper 
assessment of the efficacy of typhoid vac- 
cine taken by mouth would entail care- 
fully controlled experiments over a period 
of years, involving large numbers of sub- 
jects, in areas of typhoid fever endemicity. 

The Pas-de-Calais episode was proto- 
type to others to which similar criticisms 
appl}^ Besredka^® himself reported a 
tjqjhoid epidemic at the military college 
of La Fleche in 1923. After the peak had 
passed, 253 students received T.A.B. vac- 
cine subcutaneously, and 268 physically 
weaker ones took his bili-vaccine by 
mouth. Among the former group, 10 con- 
tracted the disease within 20 days after 
inoculation; of those vaccinated by mouth, 
5 fell ill within 11 days. Besredka regard- 
ed this outbreak as comparable to a 
laboratory experiment, since all the stu- 
dents lived under the same conditions, 
and concluded that the bili-vaccine was 
at least as efficacious as T.A.B. vaccine 
given by injections. However, only 2 sub- 
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cutaneous inoculations appear to have 
been given, on successive days, which are 
not optimal conditions for this method. 
Moreover, according to Calmette,-'* this 
outbreak "was water-borne, and since the 
suspected water supply was doubtless 
banned, such cases as occurred thereafter 
were presumably due to chance encounters 
with Eb. typhosa. The numbers involved 
at La Fleche were again not large enough 
to furnish comparable indices of immunity 
■with so inconstant an exposure risk. 

Gauthier"*® reported, in 1924, his experi- 
ences in Greece during the expulsions 
from Asia Minor, when the value of sub- 
cutaneous T.A.B.C. vaccine was in- 
contestablj’ demonstrated on over 650,000 
refugees. A limited trial of oral im- 
munization was made on some 1200 non- 
refugees living in Athens and Salonica. 
In the ensuing 6 months, no typhoid 
cases occurred among this group. Also, 
the inhabitants of villages where typhoid 
outbreaks had occurred ingested 3 billion 
polyvalent, heat-killed organisms, -with- 
out bile, on 3 successive mornings before 
breakfast. Some 3500 persons in all took 
the vaccine, and only 5 among them de- 
veloped typhoid fever, 

A large-scale trial of bili-vaccine pills 
was reported from an oil center town in 
Rumania by Cantacuzcne and Pannitescu” 
in 192.5. After 54 typhoid cases had oc- 
curred, an intensive vaccination program 
was launched. A total of SG73 received 
T..\.B. vaccine subcutaneously; 22SG took 
bili-vaccine by mouth; 5575 controls re- 
mained untreated. Of 45 subsequent 
cases, 3 aro.se in the inoculated group 
fO.0.35^), and G in the orally treated 
(0.20^). Unfortunately, these figure.*; did 
not include ca.*:e.s ainons: the many person.*;, 
vaccinated or not, who left the city during 
the outbreak. 

The poor level of sanitation and of 
community intelligence among the n.ative 
iwpulation.*; of .***o!ith .Africa mine.' nnri 
village.-; le<l to c.xtensivc trials of oral vac- 
cin.ation there. Frf)m IVetoria*” it wa*; 
r!-;>orte.} in 1927: ■' Native; tnoit .strongly 
to leivitig m-t-dli-' .'tiu-k in them. 


. . . They raise no objections to taking 
any amount of medicine by mouth. . . 
In none of the thousands of natives orally 
vaccinated has any malaise occurred.” 
In 1923, Pirie and Orenstein*®® adminis- 
tered orally to about 3500 native employ- 
ees of a Witwatersrand gold mine, where 
35 cases of tj-phoid fever Jiad broken out. 
a teaspoonful suspension of 40 billion poly- 
valent typhoid bacilli, with an o.v-bile pill, 
on 3 successive days. Of 20 subsequent 
cases, 16 occurred among 3500 vaccinated 
employees (0.57 %), and 4 among 100 non- 
vaccina ted (4 %). Boyd®° reported in 1928 
that bili-vaccine pills had been given to 
2400 Europeans and colored persons in 
Pretoria, without ill-effects, and with no 
instance of typhoid fever in persons to 
whom the pills had been given "within a 
few days of e.xposure to infection.” Boyd 
also stated that 14 intestinal carriers of 
tj'phoid bacilli had given negative stool 
cultures following oral vaccination. Clu- 
ver*® in 1929 vTote even more enthusiasti- 
cally of the reduced incidence of typhoid 
fever in various gold mines after oral 
vaccination. Many of these reports from 
South Africa are of little significance, 
since all mines were then under pressure, 
to which they responded in varying 
degrees, to improve their sanitation stand- 
ards. Incidence rates for different years 
were compared when oral vaccination can- 
not have been the only variable; and there 
was occasional evidence of invalid statisti- 
cal calculations. 

The foregoing optimistic claims from 
the field must be contrasted with the 1931 
report of Dc Melio cl who found no 
differences between the ti'phoid fever in- 
cidence shown by orally vaccinated an<i 
un vaccinated persons in Portuguese India. 
Moreover, other report.s from South .Africa 
summarized by lAiwin,’'"** in 1938, were 
unfavorable to oral immunization, ff's 
own statistics .showed that oral vaccina- 
tion failed to reduce the typhoid incidence 
over a perio*'! of sew;ral years. In^^iced, 
the annu.'tl nttark rate of verified typhoid 
fever in gold mine laborer.! wa.s actually 
higher anionc the orally itnmunized—a 
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fact ascribed to the greater infection risks 
faced by the more usually vaccinated 
underground laborer, as compared with 
the surface worker. Grasset,®^ in 1939, 
stated moreover that the typhoid morbid- 
ity and mortality rates in the Rand gold 
mines during 1934-1936 were 7 times 
higher among nearly 80,000 immunized 
employees than among roughly 150,000 
who had received his endotoxoid subcu- 
taneously. 

Bacillary Dysentery. Shiga’s isola- 
tion of the causal microorganism of the 
most severe form of dysentery, in 1898, 
stimulated interest in the feasibility of 
vaccination against this disease. Various 
methods were suggested for reducing the 
extreme toxicity of even heat-killed cul- 
tures, including admixture of the bacilli 
with immune or normal serum, and vac- 
cination per os. Preliminary results in 
animals were encouraging, but interest 
faded until reawakened by the work of 
Besredka, which led to extensive trial of 
oral immunization against Shiga dysen- 
tery in man. The types of experiments 
conducted closely resembled those de- 
scribed in the foregoing section. The 
results obtained, and the fallacies inherent 
in the conclusions often drawn therefrom, 
were likewise analogous. The relevant 
literature will therefore be reviewed in 
less detail. 

Rcsiilfs of Animal Expcri7ncntation. At 
the International Congress in Moscow in 
1904, Gabritschewski^® briefly alluded to 
animal experimental findings which sug- 
gested the possibility of oral immunization 
of man against acute intestinal infections, 
such as d.^•sentery, typhoid and cholera. 
On the same occasion, Zeitlin^®® reported 
having himself swallowed 6 doses of heat- 
killed Shiga bacilli, ranging up to 10 mg. 
of bacterial bodies, over a 2G day period. 
There were no ill-effects, and no antibod- 
ies developed. Hida and Toyoda®® re- 
corded agglutinin and bacteriolysin forma- 
tion in guinea pigs fed with peptic and 
tryptic digests of dysentery bacilli, but 
found no such response to ingestion of 
heat-kiUed cultures. Shiga'®^ immunized 


rabbits by feeding heat-killed cultures of 
his bacillus. VTien challenged intrave- 
nously with toxin, his animals showed pro- 
tection against intestinal effects which 
killed controls in 1 to 2 days, but they 
died later with spinal paralysis. Shiga 
also alluded to good results mth the vac- 
cine in mental hospital patients. 

Chvostek,^^ in 1908, recorded irregular 
immunity development, unrelated to anti- 
body formation, in rabbits fed vdth large 
doses of killed or living Shiga bacilli. 
Parenteral inoculations proved more effec- 
tive. Dopter®® also showed that mice 
could be similarly immunized by mouth 
against 1 to 2 M.L.D. of Shiga bacilli. 
Excessive doses of vaccine killed the mice, 
and small doses failed to immunize. Im- 
munity developed only after 10 to 12 
days, and did not last beyond 30 days. 
Later, Dopter®* stressed the impractica- 
bility of the oral route in man, in \dew of 
the large doses needed (15 gm. daily), as 
judged by the requirements in mice. 

In 1910, Dopter and Repaci®® noted 
that the inflammatory and ulcerative 
changes found postmortem in the large 
intestine of rabbits given live cultures of 
Shiga bacilli by mouth, or subcutaneously, 
were similar to those present in the natural 
disease of man. Several years later, 
Besredka'® reopened study of this question 
by confirming Dopter and Repaci’s find- 
ings. He also reported that agglutinins 
appeared after a single large ingestion of 
such bacilli; and that rabbits thus treated 
were vaccinated against living bacilli in- 
jected intravenously. In view of the 
innocuity of the procedure, he urged its 
trial prophylactically'in man. Soon after- 
wards, Besredka''* showed that his observa- 
tions on rabbits applied also to mice. He 
further noted that rabbits which had de- 
veloped serum agglutinins after receiving 
heat-killed Shiga bacilli per os soon lost 
these agglutinins, and could not be stimu- 
lated to produce more by additional 
ingestions of bacilli. Nevertheless, such 
animals exhibited a solid immunity, which 
he concluded was entirely localized in the 
intestinal mucosa, against a severe chal- 
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oral vaccine, dysentery occurred only 
among the unvaccinated. Another epi- 
sode involved transferring 340 orally vac- 
cinated refugees from a healthy camp 
\vith a good water supply, to another 
camp with a contaminated supply, where 
an epidemic was already in progress. 
None of the migrants developed dysentery. 

Less impressive data were offered, also 
in 1924, by Anglade,® reporting on a severe 
dysentery outbreak affecting the garrison 
and neighboring population in Versailles; 
and by Antonovsky^ describing outbreaks 
in several Petrograd institutions. Both 
reports committed the same error of com- 
paring the incidence of dysentery among 
the orally vaccinated, when the epidemic 
was past its peak, with the total incidence 
of cases among the unvaccinated. More- 
over, very little bacteriologic work was 
done. Again in 1924, Pascah^^ sought to 
testify in favor of oral immunization by 
comparing the incidence of Flexner dys- 
entery in an institution whose inmates 
had not been vaccinated, with the post- 
vaccinal incidence of Shiga dysentery in 
the following year. 

Cholera. Inquiries into the pathology 
of F. cholcrie infections in laboratory ani- 
mals, initiated by Metchnikoff, led to the 
conception of enterotropism, vigorously 
sponsored later by Sanarelli. According 
to Sanarelli, living cholera vibrios admin- 
istered intraperitoneally to guinea pigs,‘“ 
by mouth or subcutaneously to young’®’ 
and adult’®® rabbits, by the same routes 
to man,’®® and by mouth to newborn 
puppies,’®* inevitably made their way to 
the mucosa of the small intestine. Ma- 
saki,’” and more recently Solarino,’®' 
came to similar conclusions. Besredka, 
less convincingly, ascribed enterotropic 
jwoporties also to typhoid, paratyphoid 
and Shiga dysenter.\’ bacilli. Tliere are 
but few reports on oral immunization 
against cholera; perhaps because the im- 
munity induced by cholera vaccine sub- 
cutaneously is too incomplete and transi- 
tory, and reactions too slight, to justify 
risking still more uncertain degrees of 

vou 215, xo. 3— makcij, IPIS 


protection against so serious a disease. 

Fairbrother’® has summarized the vari- 
ous cholera antigens which had been em- 
ployed parenterally prior to Besredka’s 
work. Until then, the only noteworthy 
attempt at oral immunization mth cholera 
vaccine was made by Hida and Toyoda,®® 
who fed guinea pigs filtered peptic and 
tryptic digests of V, cholcrse. Serum ag- 
glutinins and bacteriolysins appeared after 
8 to 14 days. The applicability of Bes- 
redka’s theories and methods to experi- 
mental cholera infections in animals was 
reported by Masaki’” in 1922, Glotoff,®’ 
in 1923, Horowitz-Wlassowa and Pirojni- 
kowa,®’ in 1926, and by Pfeiffer and 
Lubinski,’®® in 1930. Masaki found rab- 
bits and guinea pigs completely refractory 
to living vibrios taken by mouth. After 
bile sensitization, rabbits became suscep- 
tible to cholera endotoxin, and succumbed 
in 1 to 2 weeks from repeated ingestions of 
large doses of living vibrios. Animals 
surviving a minor cholera infection were 
able to resist a normally fatal intravenous 
dose of living vibrios. Masaki concluded 
that immunity to cholera infection in 
rabbits and guinea pigs is localized in the 
intestine. Glotoff, working mostly with 
rabbits, and Horowitz-Wlassowa and Pir- 
ojnikowa, using guinea pigs, recorded es- 
sentially similar results and conclusions. 
Pfeiffer and Lubinski fed rabbits heat- 
killed cultures of V. cholcrse. Serum 
bacteriolysins appeared, but agglutinins 
only developed in bile-treated animals. 

Calmette®^ expressed doubt whether oral 
vaccination against cholera in man would 
be feasible, but alluded to trials of the 
method then being conducted in Russia. 
Such brief reports as have been available 
from that country and elsewhere seem too 
unconHneing and contradictory to require 
mention. 

Tuberculosis. Calmette and Guerin,®* 
in 1906, contended the pathogenesis of 
tuberculous infection in man and animals 
involved passage of the bacilli through 
buccal and intestinal mucous membranes 
to the mesenteric ganglia. From here. 
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bacilli might be carried by the lymphatic 
circulation into the right heart, and thence 
to the lungs. According to them, even 
pulmonary tuberculosis was intestinal in 
origin rather than droplet-borne. This 
view, which was propagated by these 
workers for many years, led them to 
investigate the immunizing efBcacy of 
a\drulent tubercle bacilli when given by 
mouth to young animals. Preliminary 
experiments on calves and kids, with a 
heat-attenuated human strain, were suffi- 
ciently encouraging to evoke the predic- 
tion that so inoffensive a mode of vac- 
cination might be applied to infants. 

In 1920, Calmette and Guerin-® reported 
that an initially virulent bovine strain of 
M. inbcTCulosis, first isolated by them 
12 years before had become so avirulent 
that at least 44,000 bacilli could be safely 
given intravenously to man. By 1924, the 
strain had become completely a\'irulent 
for all animal species, and a vaccine pre- 
pared from it had rendered young calves 
resistant to large doses of xnrulent bacilli.^® 
Calmette, Boquet and Negre®® soon after- 
wards showed that young rabbits and 
guinea pigs could be successfully vacci- 
nated against experimental tuberculosis 
by repeated oral administration of B.C.G.; 
and in 192.o ^Yilbert’^® reported that chim- 
panzees and other anthropoids could be 
similarly protected against infection from 
ape.s with which they were cohabiting. 

In 1928, Calmette d published 
figures .showing the apparent prophylactic 
value of B.C.G. given orally during early 
infancy. The merits and limitations of 
the immunity conferred on humans by 
B.C.G. vaccine arc still controversial, and 
it is obviously flifiicult to assess the rela- 
tive efficiency of a given route of admin- 
istration as long as the actuality of im- 
munization by any route remain.s in <hs- 
pute. .Xtnong the multitude of paf)ers 
publi'hev! on B.C.G. in recent ye.ars, it 
i^ irnfKi'sible to be confident of selecting 
the mon authoritative. However, 2 im- 
pres.'inn-: .are out.-<tanding; (1) that the 
cvidetifT favoring B.C.G. is tnakirig con- 
verts at a quickening pac<-, and (2j that 


the oral route is mostly being abandoned. 
There are exceptions to this trend. 
De Assis,“ reviewing 17 years’ experience 
with B.C.G. vaccine in Brazil, reported 
good results, with certain provisos, from 
the oral route. Again, Gomez Ullate’'^ 
has commended from Spain the simplicity, 
economy and effectiveness of the oral 
route, and advocates routine vaccination 
at birth, with revaccination by the same 
route at 1 and 3 years of age, and subse- 
quently on changes of emrironnient. On 
the other hand, Cantonnet Blanch d 
repudiated the oral route as giving un- 
satisfactory results in Uruguay. They 
ascribed this to frequent rejection of the 
vaccine through vomiting. A recent 
British re\'iew’^ summarized the problem 
thus; “Statistical data derived from oral 
vaccination of the newborn are unsatis- 
factory because of uncertainty of B.C.G. 
infection, lack of control, and difficulty 
of separating specific from non-specific 
factors. But there can be little doubt 
that the vaccinated groups— perhaps 2 to 
3 million in all— have shown a decide<Ily 
lower mortality from tuberculosis during 
childhood years than non-vaccinated in- 
fants in the same communities.” 

The B.\cterul Exotoxi.vs Ausokheo 
Througu the Enteuox. Two important 
bacterial e.xoto.vins share the projierty of 
exerting specific effects upon the central 
nervous .system after absorption from the 
entcron. These are the to.xins of C/. hdu- 
Itnum, anrl the enterotoxin produced by 
some strains of staphylococcus. A few 
references will al.so be tnade in this .section 
to the immunizing efficacy of .scarlet fever 
toxin, and of diphtheria toxin, when taken 
by mouth. 

.■\s long ago as 1891, Ehrlich'" reported 
that mice could be immunized fyr c* 
again.st .ns many .ns 200 to 800 
of the plant toxin nVm. Their hio'jd 
.‘■enjni .showed .sp'cific .nntitoxic proper- 
tie.-. Ehrlich’s findings, confirmed in 19-b 
by .Mlin,® suggcstcrl th.nt .«ome bacteri.n! 
toxins might rcsi-i flo-tnidion by the 
p.n-irf>-intc-tinal enzyme:', -nnd e.rerr:*'- 
?oine antigenic effect after .nh o.'ptio.n. 
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Tetanus and diphtheria toxins, and snake 
venom, were found to be largely destroyed 
in the upper part of the alimentary canal. 
The discovery by van Ermengen, in 1897, 
of the causal bacillus of botulism, and 
Barber’s demonstration, in 1914, that 
staphylococcal growth products might 
cause gastro-intestinal disturbances when 
swallowed by man, furnished examples of 
bacterial toxins apparently unaffected by 
the digestive juices. 

Botulmum Toxin. Tchitchkine^'^'® at- 
tempted, in 1905, to immunize rabbits 
by mouth against botulinum toxin, but 
produced only a slight degree of active 
immunity, Avhile their serum acquired no 
protective power. Tani^®® reported, in 
1934, that several doses of a formalinized 
toxin given daily to guinea pigs produced 
circulating antitoxin. However, animals 
receiving identical dosages subcutaneously 
developed a much higher antitoxic titer. 
Recent work in this laboratory by Wood^®® 
showed negligible immunity development 
in mice given Type A botulinum to.xoid 
intensively by mouth. 

Stapliylococcm Enterotoxin. Barber® 
noted that farm residents who had fre- 
quently consumed milk from a cow ex- 
creting staphylococci from the udder were 
resistant to gastro-intestinal disturbances 
suffered by visitors who drank the same 
cow’s milk. In 1931, Dack, Jordan and 
Woolpert*® found that subminimal reacting 
doses of filtrate from a food poisoning 
strain of staphylococcus, given orally to 
volunteers almost daily for several weeks, 
provoked little or no immunity. Dolman®® 
reported, in 1943, that subjects reacting 
violently to enterotoxin on multiple occa- 
sions over several months, showed no 
c\'idence of acquired immunity. These 
findings were later extended.®® Volunteers 
who had retained an unaltered suscepti- 
bility to ingested enterotoxin became 
refractory for several months to at least 
o minimal reacting doses after a series 
of subcutaneous injections of enterotoxin. 

Scarlet Fever Toxiu. Dick and Dick®- 
noted the inefficiency of oral immuniza- 
tion with scarlet fever toxin. To 19 


Dick-positive children, they gave per os 
12 to 16 daily doses, increasing from 4 
to 16 cc. of undiluted toxin. For com- 
parison, some 200 susceptibles received 
the customary series of 5 graduated doses 
subcutaneously. Among those treated 
orally, 73% were Dick-negative after an 
average total of nearly 85 million S.T.D.; 
while of those inoculated subcutaneously 
with a total of 135,500 S.T.D. each, 93% 
showed a negative reaction. Later,®® they 
employed coated tablets containing con- 
centrated toxin in amounts up to 2 million 
S.T.D. per tablet. These were fed to 
131 susceptibles, ranging in a^e from 1 
to 36 years, who were skin-tested before 
and after the series had been taken. In 
a group of 102 persons, 95% were Dick- 
negative 2 weeks after the last dose. It 
was recommended that a total of 75 million 
S.T.D. should be taken within 3 weeks. 
Scarlatinal rashes, vomiting and diarrhea 
often occurred when the tablets disinte- 
grated in the stomach. Carefully prepared 
tablets only occasionally caused cramps 
and transient rashes. 

Diphtheria Toxin. Chvostek^^ fed diph- 
theria toxin to 10 guinea pigs, but only 

1 survived subcutaneous challenge with 

2 M.L.D. of toxin. On the other hand, 
Breton and Petit®' fed guinea pigs cul- 
tures of C. diphtherise, attenuated or killed 
by heat, and the animals later withstood 
inoculation of more than 2 M.L.D. of 
toxin. The inconsistencies apparent bet- 
ween these 2 reports areresolvable by 
assuming that small amounts ofdiphtheria 

toxin, adsorbed on bacterial bodies, might 
survive contact with intestinal enzjunes, 
and cause a slight production of antitoxin. 
Dumas, Combiesco and Baltiano®' killed 
guinea pigs and rabbits by oral admin 
istration of very large doses ofdiphth- 
eria toxin. 

Bousfield'® reported, in 1945, that in- 
creased circulating antitoxin developed in 
humans who had sucked pastilles contain- 
ing diphtheria toxoid. The method was 
ineffective as a primary immunization 
stimulus. He thought at least 3 pastilles, 
of 100 Lf content, should be sucked daily 
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for 1 week if a marked rise in antitoxin 
titer were sought. Four subjects who 
swallowed gelatin capsules containing the 
equivalent amounts of toxoid showed no 
increased antitoxin. The antigenic stimuli 
were therefore held to take place between 
the lips and the lower end of the esophagus, 
rather than tlirough the gastro-intestinal 
mucosa. 

The Miscellaneous jMicroorganisms. 
PastcurcUa PrsHa. Fornario"“ claimed that 
heat-attenuated plague bacilli, given in 
2 doses per on or per rcdnm at 10 to 
14 days interval, incited immunity to sub- 
cutaneous challenge with ^u‘^Ilent cultures 
in two-thirds of a small group of rabbits 
and guinea pigs. Serum antibodies, 
notably op.sonins, also appeared, Noe”® 
and also Legcr and Baury’®® recorded in- 
conclusive experiments of a similar nature. 

Pseudomonas JEruginosa. Counnont 
and Rochai.x” administered heat-killed, 
S day broth cultures of Ps. xruginosa 
(nacillns pyncgnnrus) to rabbits by rectal 
instillation. Three do.scs of 100 cc., given 
witli a long cannula, at b day intervals, 
were well toleratcfl. One month after 
the last fiose, the animals were challenged 
intravenously with virulent homologous 
culture. They developed fever, liiuresis 
and loose stools, but recovcrccl after a few 
hours. Controls died. 

The lirnreUa Group, Nicolic and Con- 
seil”' gave 2 volunteers per os %vithin 
.") days a series of 4 dose.s of 100 billion 
killed Hr. virlifmsis. A fortnight after 
the last dose they had no flctectablc agglu- 
tinins. Challenged subcutaneously with 
live culture, they remaincfl well, whereas 
a similarly inoeiilaterl control .subject 
became ill 17 days later, with verified 
brueellnsis. 

Dolman and Hudson’'' repfirted that 
of over ."OfK) blooii .sjiceimens from 
inhabitants of an area where Band’s dis- 
easi- was prevalent comfiletely acdutinat- 
ed bruri'lla Mi-jieit -ions in .a titer of 1:20 
or liicie r. Sitiei- at ttie-c specimen' 

e.itr.e from |fr oris with no hi'tory of 
brne.no.i;, the acvbitinin; prc-nmably 
lie'. .bijw.i a- a re-alt of ire/pjentiy re- 


peated ingestions of dead or living Br. 
abortus. An unpublished experiment in- 
volving 2 volunteers showed that a single, 
large dose of killed Br. ahorins, taken in 
milk, resulted in no increased titer of 
serum agglutinins. 

Exclusirdy Non-human Animal Patho- 
gens. Gaiger'' reported, in 1909, that 
young buffaloes which had repeatedly 
drunk large doses of hemorrhagic scpliccmia 
bacilli survived a normally fatal subcu- 
taneous challenge with virulent culture. 
The immunity was incomplete and transi- 
tory, but was held to explain the natural 
resistance to infection shown by old ani- 
mals in endemic areas. Baldrey® carried 
these inquiries further, and confirmed 
Gaiger ’s claims. Since 1 out of 14 bulls 
died of infection from the oral vaccination, 
the procedure was not regarded as safe. 

Baldrcy also attempted unsuccessfully 
to vaccinate 12 bulls against rinderpest by 
administering with their food or water 
2 small doses of blood from infected ani- 
mals. Calmette®^ later (piotcd Van Sace- 
ghem as claiming successful protection 
following a single ingestion of fecal .sus- 
pension, prepared from an artificially in- 
fected animal treated with antiserum. 
The.se references to rinderpest, and a 
curious observation by Ropetto'” that 
rats ant! mice fed normal ncrvoii.s tissue 
became resistant to .subcutaneous injec- 
tion of rabies street virus, exemplify the 
paucity of the literature on oral immuniza- 
tion against virus infections. 

DulF'® showed that trout developed im- 
munity to /ish fiminrulnsis after repeated 
feedings fbl or more) with hatchery food 
containing the causal patiingen, fSiietmurn 
sidvioniriilri. Speeifie agglutinins devei- 
o{)ed in many of the vaccinated fi-h. and 
when expowd to infection their mortality 
was 2.*)''/f against 7.7^ for untreated fi-h. 

Tue I’Vfior.Nic Corel. Tlie.-c micro- 
organisms have certain eomrnon feature-, 
ajiart from morjiholoey, to justify their 
fx'ing groiqe-d together in thi-> fin;d .section. 
'Ilie rdimeniary eanrd .'/Idom rerve-. a-: 
their {lorta! of entry into tie- hf; t; tie- 
defefiie uieehani-nn again -t them apj-sar 
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mainly phagocytic; and they frequently 
become secondary invaders, especially in 
respiratory tract infections. 

Staphylococcus. Calmette and Petit®^ 
showed, in 1907, that virulent staphylo- 
cocci administered to rabbits by stomach 
tube, soon appeared in the blood stream 
and killed the animal within 24 hours. 
Given rectally, the sequence of events 
was slower. Osteomyelitis appeared either 
spontaneously, or after trauma. Cour- 
mont and Rochalx"*® could incite only par- 
tial immunity in rabbits by rectal instilla- 
tions of Siaphylococciis pyogenes aureus. 
Combiesco and Calalb'’^ also tried unsuc- 
cessfully to immunize rabbits orally, wdth 
or without use of bile, against intravenous 
challenges with staphylococci. WinzeleP*® 
reported better results in guinea pigs given 
many large doses of staphylococci by 
stomach catheter. A majority of animals 
fed living organisms later survived chal- 
lenge with 3 M.L.D. of culture, but the 
killed organisms provoked inferior degrees 
of immunity. Coincident use of bile did 
not improve the immunity acquired. 

Sireptococctis. Tchitchkine^^^ reported 
rabbits frequently died of streptococcal 
septicemia when fed live cultures, but 
took heat-killed cultures with impunity. 
Rabbits surviving such ingestions show^ed 
no acquired immunity against challenge 
6 months later with living organisms. 
WinzeleP®^ fed guinea pigs large doses of 
Strep, hxmolyticus, liWng and dead, with- 
out significant immunity development. 
Kolmer and Amano®' also failed to im- 
munize rabbits against intracisternally 
injected virulent streptococci, despite 30 
daily ingestions of 5 to 10 cc. of culture, 
living or heat-killed. Moreover, no agglu- 
tinins developed. 

Pneumococcus. The oral immunization 
against pneumococci has yielded more 
impressive results. In 1927, Kimura^ fed 
many large doses of heat-killed Type I 
pneumococci to mice, and found 5 out of 
S withstood 100 hl.L.D. of injected live 
culture. Kolmer and Ainano,®' in 1932, 
reported irregularly immunity de^i'clop- 
inent in rabbits following 30 daily admin- 


istrations of heavy doses of pneumococci 
by stomach tube. Some animals survived 
intratympanal injection of homologous 
culture in amounts fatal to controls. The 
best protective results were obtained from 
ingestion of living Type I pneumococci. 
The authors ascribed the comparative 
rarity of pneumococcal meningitis in 
human paranasal sinus infections to im- 
munity derived from continually swal- 
lowed organisms. 

Meanwhile, in 1926, Ross^'^ published 
the first of several important papers on 
oral immunization against pneumococci. 
He used white rats in his experiments, 
since mice responded irregularly, and rab- 
bits negatively. Rats fed repeatedly on 
tissues from rats which had died of Type I 
pneumococcus infection survived intra- 
peritoneal challenge vdth 1000 to 10,000 
M.L.D. of homologous organisms. It was 
suggested that these findings might ac- 
count for the infrequency of lobar pneu- 
monia from pneumococcus types com- 
monly present in normal throats. Almost 
equally good results were reported by 
Ross^"*^ from repeated feedings wuth living 
Type I pneumococci. Equivalent dosages 
of heat-killed organisms, or of culture 
filtrates, were ineffective, but hydro- 
chloric acid-killed organisms’^ gave good 
protection. Ross’®” also sho'wed immunity 
thus acquired was of variable, but on the 
whole brief duration, many large inges- 
tions of preferably living organisms being 
needed to procure its persistence for 1 to 
2 months; occasionally up to 4 months.”® 
But lapsed immunity could be restored 
by a single feeding. Pneumococci desic- 
cated after mechanical disruption, or dis- 
solved in bile salts,”® and also Tj’pe I 
specific soluble substance,”' produced al- 
most equally good protection when fed 
to rats. 

Ross”®”® soon extended his observa- 
tions to cover Types II and III pneumo- 
coccus. He also showed”” that most of 
the soluble specific substance ingested by 
rats was excreted unaltered in the feces. 
He concluded tentatively that certain 
cells of the gastro-intestinal tract were 
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responsible for their increased resistance. 
However, in 1934, he*®^ reported the pres- 
ence of protective antibodies (against 
pneumococci given intraperitoneally to 
mice) in the blood of rats orally immun- 
ized against Tj-pe I pneumococcus, and 
suggested positive protective antibody 
tests in human sera might indicate in- 
creased resistance. Similar protective anti- 
bodies were detected'®* in rats fed with 
Types II, III and IV. Finally, he'“ de- 
tailed the results of feeding 63 individuals 
with mixed Types I, II and III prepara- 
tions. Within 2 to 3 days after 6 heavy 
feedings, about 75% of the group formed 
protective antibodies against Type I, and 
about 60% against Types II and III. 
Agglutinins were not detected in these or 
preceding experiments. Since the anti- 
body level reached (1 cc. of serum protect- 
ing a mouse against 5000 M.L.D. of hom- 
ologus pneumococci) approximated that 
reported in sera from pneumonia convales- 
cents, its attainment seemed to indicate a 
generalized specific resistance. 

IlETEROrniL AND CoMMON COLD .ANTI- 
GENS. In 1925, Powell'®" reported that 
heterophil (Forssman) antigen adminis- 
tered by mouth to rabbits, in such forms 
as hen, sheep or goat red cells, evoked 
high titcr.s of heterophil antibody (anti- 
sheep hemolysin). Hailey and Shorb," in 
1931, demonstrated circulating heterophil 
antiltody in rabbits fed intensively with 
heat-killed Type I pncunioeoeci, but 
higher titers followed ji single intnivenotis 
injection. These animals were also im- 
mune to inoculations of living pnenruo- 
eoeei. llockwell. Van Kirk .and Powell'"® 
asserted, in 19.3.5. that hcterojtliil tintiboil- 
ies Were ‘‘elTeetivc” against all pneurno- 
eneoai lyix-s, as well as rertain strciUoeoc- 
eal strains, and several other common 
secondary invaders in colds. Having 
noted rai-> (l titers of lieterophil aiitiimd- 
ie.: in the blo"vi of eonvale-eents frottl 
acute cnldL they d.-diiced tliai a “non- 
tv[u- '[xejl;.- hetcrojiliil acti'.f inimunity” 
agaiti't Kild- riiirht b- jtrovoV'-d l.y tiral 
■. ai~cir.:-.t!on, cap'u!'' f.f IGt'i bdlion 
he.'.t-k:':'' 1 pts'itti'w'i I'f! an ! * 


was taken on 7 successive d.ays, and there- 
after once weekly throughout the season, 
bj' 500 patients. Fewer colds than usual 
were experienced by this group; but as 
was pointed out,"® the control grotipwas 
largely invalidated by inclusion of persons 
with a lower average susceptibility. These 
authors further stated contradictorily that 
“bile destroys the heterophil antigen,” 
and that “ the vaccine was high in bile- 
resisting heterophil antigen.” Later,”® 
other common respiratory tract organisms 
were added to the vaccine, with even more 
favorable results. 

Rockwell and Van Kirk'®®''®® sought to 
correlate heterophil antibody in orally 
vaccinated subjects with acquired im- 
munity to colds; but their protocols did 
not indicate prcvaccinal titers, .although 
a brief reference in the earlier paper sug- 
gests as wide a range of antibody in un- 
vaccinated persons, as was subsequently 
found in those who took the vaccine. 
Powell'®" even developed a serologic meth- 
od for ass.aying the adsorbing power for 
heterophil antibody of mixed cold vac- 
cines. He also applied to such vaccines 
the method described by Ross'®' for deter- 
mining the protective power of tiie scrum 
of rats fed with Type I pneumococcal 
preparations. Tims, although provoca- 
tion of non-t\'pc-specific immunity in 
luunans had been previously urgetl, a test 
for cold vaccine was now rccoinmriuled 
which measured only type-specific im- 
munity developed by rat.s. 

Working .along somewhat flifferent iitic.s. 
Thomson rt «h'®® administered orally to a 
few vohintcer.s phenol-killed cultures of 
II. irijlurnz.r grown symI)iotic.ally with 
AnxTOTD^irr.y hronrititirn. Quite marked 
reactions ensued, and .some .«cnim agglu- 
tinins anti n)OU.-c-j)rotccfing .suhstaticc. 
devclopcil. They dedtiecfl that a e»>iii- 
hincf] vacrine. including pnemnwocri. 
stP-ptiK occi, and V. rnliiTThnlh, al o grown 
vymhiotically, would havi; even greater 
jin)phylaetie value ag,ain>t complication - 
of »x,hK anil iniluen/.a. Th*- !iutlif)ri kept 
up their own agglutinin i l)y f.v.nllov. ing 
a V.i-.-J;ly do e of tni.Ted vneeirie. 
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Numerous proprietary preparations of 
semisecret composition continue to be 
advocated here and there for oral immun- 
ization against ailments ranging from 
intestinal disorders to rheumatism and 
coryza. The best that can be said of 
these is that they pay tribute to the faded 
prestige of Besredka’s doctrines or demand 
faith in the dubious significance of hetero- 
phil antigens. 

Discussion and Conclusions. “I had 
satisfied myself long ago . . . that, 

though typhoid vaccine may be absorbed 
by way of the intestinal canal, it is only 
badly and incompletely absorbed, and 
above all that its action is uncertain. 
. . . I do not think it is necessary to 

go any further than that, for science 
never sanctions a more complicated and 
more uncertain method being employed 
where a simple and certain one, such as 
subcutaneous inoculation, is available. 
And I would submit that the idea that 
a via media can be found between the 
antique system of prescriptions, with doses 
taken t.i.d. before or after meals, and 
scientific applications of bacteriology, and 
the idea that that via media can be found 
in the administration of ^"accines by 
mouth, ought steadily to be put away 
from us.” Thus spoke WrighV®^ pioneer 
of vaccine therapy, in 1910. Over 30 years 
later, his long-time associate, Fleming,’* 
found little cause to modify this opinion, 
and dismissed the issue in less peremptory 
but briefer terms; "In certain communi- 
ties this method has been very popular 
ov-ing to the ease of administration. 
Extensive observations have shown that 
m the enteric group of diseases some im- 
munity can be established by the oral 
administration of vaccine, but it is not 
the best method.” 

Although a review of the literature has 
shown how aptly and fairly these 2 quota- 
tions summarize the status of oral im- 
munization today, the matter cannot be 
left just there. For even if the inferiority 
of this route has always been recognized 
by the prescient and the experienced, its 
potentialities apparently remain enticing 


enough to secure a perennial, sporadic 
interest. There seems no need to recapit- 
ulate the flimsiness of the experimental 
and epidemiologic supports upon which 
the protagonists of oral immunization 
lean. But certain question remain to be 
answered. First, what is the likelihood 
of methods being devised for evoking 
more predictable and higher immunity re- 
sponses to orally administered antigens? 
Secondly, is there a type of local, intestinal 
immunity, independent of conventional 
antibodies, which in some circumstances 
it is desirable, and even preferable, to 
provoke? Thirdlj^ are there certain over- 
riding advantages of the oral route — 
simplicity, cheapness and innocuity, for 
instance — which, despite inefficiencies, oc- 
casionally Avarrant its adoption? These 
question will be dealt with in order. 

1. Feasibility of Inducing More 
Satisfactory Responses to Oral Anti- 
gen. Once swallowed, antigens become 
subject to successive hazards to their 
integrity, and handicaps to their absorp- 
tion. Before any intimate contact with 
the intestinal mucosa is achieved, the 
antigen faces exposure to hydrochloric 
acid and pepsin; to bile, trypsin, and 
other proteolytic enzymes of intestinal or 
even bacterial origin — all liable to be 
encountered in concentrations and at 
intervals goATrned by such variables as 
the subject’s diet, boivel motility, and 
emotional and physical health, as well as 
perhaps the state of the weather. Cover- 
ing the tract is a layer of mucus Avhich 
presents simultaneously a mechanical bar- 
rier, and a menstruum in which leukocytes 
can better pursue and engulf entangled 
microorganisms. Goldsworthy and Flor- 
ey,®* and Florey, have discussed other 
antibacterial properties of this intestinal 
mucus. 

Antigens surviving these preliminary 
obstacles impinge upon a mucous mem- 
brane of high selectivity, whose under- 
lying mechanism eludes analysis. Con- 
siderations of size, motility, or lability 
cannot rvliolly account for the different 
capacities to enter tlie blood stream shown 
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by Eh. typliosa and other members of the 
salmonella species; nor for the remarkable 
discrimination exemplified in human sus- 
ceptibility to ingested botulinus toxin of 
Types A, B ahd E only, and in the innocu- 
ity of stapliylococcus alpha-toxin®^ and 
beta-toxin“ taken by mouth, in contrast 
to the effects of the enterotoxin. The 
total effect of all these characteristics is 
to ensure that persons of normal health 
and habits seldom or never absorb more 
than trivial amounts of unaltered antigen. 
This concept readily accounts for the 
frequent lack of circulating antibody after 
ingestion of antigen. 

However, the impermeability of the 
intestinal mucosa to proteins is by no 
means complete. For instance, Makaroft'"® 
induced specific anaphylactic states in 
guinea pigs b^' repeated heavy feedings 
wnth protein; Hektoen, Kanai and Drag- 
stedt®® used precipitin tests to demonstrate 
absorption of thyroglobulin in dogs fed on 
beef thyroid; and the Seegals'” provoked 
sterile inflammation in the actively sen- 
sitized rabbit eye by introducing homolo- 
gous antigen into the stomach. Arnold* 
found that when typhoid, coliform and 
other bacilli were injected with egg-white 
into the duodenum of dogs, they passed 
freely into the thoracic duct, and reached 
the liver and mesenteric lymph nodes in 
large numbers. Thfese observations on 
dogs were extended’^*-’** to cover absorp- 
tion of various microorganisms introduced 
by mouth, intraduodenally or rectally. 
Fischer’i"-’'® also reported that yeast minis- 
tered orally and rectally was absorbed 
into the portal circulation. 

In 1927, Walzer^''® showed by means of 
the Prausnitz-Kiistner reaction that some 
fish and egg protein taken by man in 
physiologic amounts was customarily ab- 
sorbed undigested. Ratner and GruehP** 
reported similar observations, and sug- 
gested that protein absorption in man 
might usefully serve the purpose of keep- 
ing the body immunized against habitual 
protein diets. Arnold, viewing the fore- 

* For the fate of particulate antigens in relation to 
W. E.; J. Exp. Med., 84, 167, 1946, 


going findings from another standpoint, 
contended* that alterations in permeability 
of the enteron occurred naturally in re- 
sponse to various environmental stimuli, 
and might be correlated with certain epi- 
demiologic phenomena. Later® he stated: 
“The intestinal mucosa is . . . a per- 
meable body covering and the reticulo- 
endothelial network within the splanchnic 
region is the real barrier against systemic 
invasion.” Alluding to experiments by 
Peterson, Muller and Boikan,^®^ in which 
marked splanchnic reactions were the first 
tangible effects of continuous intravenous 
perfusion of dogs with E. coli, Arnold 
urged that specific immunitj' might be 
simply and physiologically acquired by 
applying splanchnic stimuli, after orally 
administered antigen had passed the en- 
teron and was fixed in the splanchnic 
reticulo-endothelial system. The evoca- 
tion of these stimuli would certainly pro- 
vide a fertile field for necromantics. 

Proofs of protein absorption explain the 
many reports of irregular antibody pro- 
duction following ingestion of antigen. 
They account also for such observations 
as those of Tenbroeck**® on specific anti- 
toxin in the blood of intestinal carriers of 
CL idani. Furthermore, they strike at 
the very roots of Besredka’s doctrines, 
that the host’s sole defence against bac- 
terial invasion from the enteron was an 
intact gastro-intestinal mucosa, which 
could be rendered impregnable by assim- 
ilation of “ antivirus,” a soluble component 
released from ingested bacteria by phago- 
cytosis. But oral immunization now faces 
multiplied theoretical difficulties; for the 
destiny of that variable portion of ingested 
antigen which may traverse the mucosa, 
is largely indeterminate. Most particu- 
late elements, mainly transported by 
leukocytes and macrophages, will reach 
the mesenteric lymph glands; and the 
remainder, along with soluble components, 
will go to the liver directly. The work of 
Ehrich, Harris and co-workers*®'®** on the 
role of the lymphocyte in immunity, indi- 
antibody formation, see Harris, T. N., and Ehrich . 
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cates that any ingested antigens arriving 
intact in the splanchnic Ij’^mph glands 
might thence call forth efficient antibody 
responses. The relatively good results 
from oral B.C.G. vaccination perhaps de- 
rive from the high proportion of unaltered 
antigen reaching this area. As for the 
liver, despite its importance to immunity 
in bacteremic conditions,®* its detoxifying 
functions' must also be reckoned -with; 
under the circumstances in question, any 
large contribution of antibody from that 
organ could hardly be anticipated. The 
fate of an antigen, and the kinetics of 
antibody formation, have recently been 
studied by a promising new technique, 
invohdng the injection into mice of puri- 
fied tobacco mosaic virus, tagged with 
radiophosphorus.^®’-^®* Application of such 
methods to ingested antigens should prove 
illuminating. Meanwhile the assumption 
seems warranted that oral dosages large 
enough to ensure regular passage of effec- 
tive amounts tlirough the intestinal mu- 
cosa into the splanchnic depots, apart 
from their inconvenience, would entail a 
heavy risk of overflowing the splanchnic 
barrier into the systemic circulation, with 
possible reactions of great severity. Cal- 
mette and Breton^^ forewarned against 
such dangers long ago, with respect to 
tubercle bacilli. 

2. Significance of Local Intestinal 
Immunity. The largely unconfirmed na- 
ture of Besredka’s laboratory results, and 
the doubtful efficacy of his bili-vaccines 
in man, illustrated earlier in this review, 
seem inevitable in the light of the forego- 
ing considerations. Indeed, the more 
extreme and dogmatic aspect of his local 
immunity doctrines were soon rejected by 
the orthodo.x. But there has remained a 
sufficient afterglow of enthusiasm to in- 
spire the occasional neophyte, or to tempt 
the uncritical manufacturer; their dis- 
couragement seems in tlie public interest. 
Hence certain other fallacies should be 
briefly exposed liere. 

First, a few comments on the use of 
bile. whose toxic effects in Besredkan 
dosages have already been described. 


Not only are breaches in the intestinal 
mucosa unnecessary for passage of anti- 
gen, they need not even facilitate this 
process. Gaiger’^^ failed to induce hemor- 
rhagic septicemia in young buffaloes fed 
contaminated grass so coarse that stomach 
abrasions were bound to result; Boone 
ct al. (Proc. Soc. Exp. Biol, and Med., 29, 
113, 1931) noted no increased absorption 
of bacteria after injuring the duodenal 
mucosa. On the other hand, several 
workers have reported increased permea- 
bility of the gastro-intestinal walls after 
subjecting them to pH changes such as 
might result from the cholagogue effects 
of bile. Again, E. coli was noted^^® in 
the mesenteric lymph nodes and liver of 
dogs soon after intragastric administra- 
tion of saponin, which has a similar effect 
to bile on surface tension. In the small 
doses advocated for promoting oral im- 
munization in man, any action of bile is 
obscure, but may relate to the accelera- 
tion of stomach evacuation described by 
Pannett and Wilson’^' in 1921. 

Seeondly, the enterotropic concept, 
which loomed large in Besredka’s writings, 
is a relative, teleologic term. Harvey®* 
referred to a septicemic type of typhoid 
fever, without intestinal symptoms, in 
wliich the tonsils and throat served as 
portal of entry. Even complete intestinal 
immunity could furnish no protection 
here. Benians*® reported that in experi- 
mental coli-typhoid septicemias, the or- 
ganisms migrated into subcutaneous fixa- 
tion abscesses induced by gum tragacanth, 
this suggesting a possible “mucotropism” 
rather than any selective organ affinity. 
Besides, no matter how large the dose of 
vaccine ingested, it is hard to conceive 
that all the innumerable crypts and tortu- 
osities of the gastro-intestinal mucosa 
could thereby be rendered imper\'ious to 
subsequent infection. On the other hand, 
it is clearly irrelevant to attempt vaccina- 
tion of the entire enteron, with a view to 
securing impenetrability, against organ- 
isms whose elective affinities appear to 
be directed, for instance, towards the 
respiratory tract, and whose portal of 
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entry usually lies therein. Only some 
measure of general immunity could be 
expected to cope with such contingencies 
as the foregoing; and the oral route pro- 
vides only the vaguest assurance of its 
attainment. 

The question remains whether local, 
intestinal immunity should be sought, 
either as manifesting an essentially differ- 
ent form of protection, or as providing a 
supplementary depot for storage and 
mobilization of antibodies. Besredka's dis- 
paragement of antibodies stemmed mainly 
from obser\ang that orally vaccinated 
animals sometimes showed firm protection 
despite absence of circulating agglutinins, 
and from instances of immunity having 
failed in man despite the presence of anti- 
bodies. His views served the useful pur- 
pose of activating controversy and inquiry 
respecting the role of antibodies, but the 
e\'idence is now overwhelming that he 
erred in denying their significance. Ac- 
cording to current immunologic concepts, 
antibody globulin is believed to be syn- 
thesized within such cells as macrophages 
and lymphocytes adjacent to the site of 
deposition of antigen.®^’’® Antibody and 
serum globulin production are subject to 
similar limiting influences,®’ and their 
molecules exhibit the same life span.*®* 
The gist of these views may be cogently 
applied to the present argument, in the 
following words of Cannon:®® “It is not 
the fact of antibody concentration in the 
blood stream at any particular moment 
that is so significant in resistance as that 
there has been a retention of the capacity 
of the antibody producing tissue to become 
reactivated and thereby enabled to resist 
bacterial agents against which they have 
once been immunized.” This reactivation 
process, or anamnestic response, may be 
extremely prompt, and has been discussed 
at length by Cannon.®* Mention should 
also be made here of Wright’s impressive 
recantation,*®® in 1942, of former views on 
the dependence of the phagocytic actmty 
of leukocytes upon serum opsonins; and 
of his comdetion that phagocytosis may 
be rapidly stimulated, even in vitro, by 


vaccination. In sum, although Besredka’s 
local immunity concept found early sup- 
port®® outside discipular circles, modern 
views on immunity mechanisms point to 
the probability that the phenomena he 
observed were at least partly due to anti- 
body globulin held mainly intracellularly, 
and partly to enhanced phagocytosis. 
This hypothesis is supported by such 
observations as those of Torikata and 
Imaizumi*’® that guinea-pigs fed on E. coli 
or staphylococcus had for a short period 
higher opsonin titers in fluid e.xtracts of 
their intestinal mucosa than in their blood 
serum, while the reverse was true in ani- 
mals subcutaneously immunized. Fardlli 
and hIcLean,’* on the other hand, went 
so far as to ascribe the major features of 
local immunity, at least as noted in the 
skin, to a reduction in the tissue permea- 
bility associated with early inflammatory 
changes, rather than to any specific im- 
mune response. 

3. No Present Justification for Even 
Occasional Resort to Oral Immunization. 
The only hj’pothetical advantages accru- 
ing from oral immunization then appear 
to derive from a temporary and uncertain 
concentration of antibody, unreleased 
from cells in the intestinal wall, and in 
their residual anamnestic potentialities. 
But such protective mechanisms could 
only be exercised against agents seeking 
entry by the alimentarj'^ canal. Moreover, 
the protection would be unevenly dis- 
tributed, so that through some portal in. 
the long defence line the invader might 
pass unchallenged, and emerge into rela- 
tively defenceless territory. Following 
parenteral vaccination, a much more uni- 
form and widespread distribution of anti- 
body is brought about by the blood stream. 

As an alternative to sole reliance upon 
oral immum'zation, the findings of Euge*®* 
suggested its supplementation by subcu- 
taneous inoculations. But no benefits 
would be thus conferred that are not 
forthcoming, with far greater certitude, 
from growing acceptance of the need for 
for an initial series of injections, vdth 
“booster” or “recall” stimuli similarly 
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administered. Fast-improving public at- 
titudes toAvards hypodermic inoculations 
should encourage endeavors to reduce the 
toxicity, and fortify the antigenicity, of 
products, and to determine how the im- 
munizing capaeity of the skin”® can be 
used to best advantage. These efforts 
should not be undermined by any pander- 
ing to dim apprehensions, or confused by 
dissemination of quasi-scientific literature 
whose esoteric jargon the average practis- 


ing physician cannot follow, let alone the 
layman; and Avhich often enough relates 
to products incapable, however adminis- 
tered, of conferring specific protection. 
Unless and until some entirely unforseen 
immunologic principles be established, 
licensing authorities should accept the 
responsibility of discountenancing distri- 
bution of products intended for oral 
immunization. 
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The Blood Pressure of Rats Subjected 
to Auditory Stimulation. Eleanor H. 
Yeakel, Ph.D., and Henry A. Shenkin, 
M.D., -with assistance from S. M. jMcCann 
and A. B. Rothballer (Dept, of Re- 
seareh Surgery, Univ. of Penna. and 
Wistar Institute). After a years exposure 
to the sound of a blast of compressed air, 
5 minutes daily for 5 days a week, the 
average systolic blood pressure (deter- 
mined with a tail plethysmograph) of 25 
gray Norwaj"^ rats rose from an initial 
value of 113 to 154 mm. in the last 
2 months. In 17 control animals, an in- 
crease from 124 to 127 mm. for the group 
was found over the same period. Sixteen 
of the air-blasted rats (64%) and 2 of 
the controls (12%) had mean blood pres- 
sures of 150 mm. or more at the close of 
the experiment. 

Monthly averages indicated that the 
rise in blood pressure of the experimental 
rats tended to occur in the 9th month 
after air blasting was begun. The aver- 
age of all readings for each rat before and 
after the rise in its blood pressure showed 
a mean change of +29 mm. for the group. 

Direct measurements of the blood 
pressure vdth a Hamilton optical man- 
ometer,* made on 11 of the control and 
13 of the experimental rats, did not agree 
with plethysmograph readings on the in- 
tact unanesthetized animals. In general, 
the systolic pressure of the air-blasted 
rats was lower. YTien the 2 methods 
were used on the same animal under ether, 
the systolic readings agreed closely. In 
experimental rats, the average diastolic 
pressure was 89 mm., as compared with 
78 mm. for the controls; and values of 
90 mm. or more were recorded for 8 of 


the former and 1 of the latter. The 
differences are significant statistically". 

The results suggest that the auditory 
stimulus increased peripheral resistance 
and raised systolic and diastolic pressure. 


Quantitative Measurement of Regional 
Circulation by the Clearance of Radioac- 
tive Sodium. Seyjiour S. Kett, M.D. 
(Dept, of Pharmacology, Univ. of Penna. 
and hletabolic Ser\'ice, Phila. General 
Hosp.) A freely diffusible substance in- 
jected into a tissue will be carried away 
from the site of injection at a rate largely 
determined by the local circulation. If 
the substance be the radioactive isotope 
of sodium (Na-^), the quantity remaining 
in the tissue and hence the clearance rate 
can readily be measured continuously by 
means of a shielded Geiger-Mueller coun- 
ter at a fixed distance from the injection 
site. It was mathematically predicted 
and experimentally found that the locally 
injected sodium -disappears along an expo- 
nential curv"e: Q = where Q = 

quantity of sodium remaining at time, t, 
Qo = initial quantity of sodium injected, 
k = the tissue clearance constant. This 
constant is readily obtained as the slope 
of the straight line which results when Q 
(in counts per minute) is plotted semi- 
logarithmically against time. It is further 
demonstrable that k bears the following 

F 

relationship to blood flow: k = g 5, 

F = tissue blood flow as cc. per gm. per 
min., S = sodium space of the tissue as 
cc. per gm. 6, numerically somewhat less 
than unity = an overall diffusion factor 
depending on diffusion distances, capil- 


* We are indebted to William A. Jeffers, M.D., of the Universitj- Hospital, for performing the deter- 
niinations. 
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lary interface, fluid filtration and absorp- 
tion. Thus the clearance constant, al- 
though not a rigid measure of total blood 
flow, is an accurate and quantitative 
measure of the effectiveness of the local 
circulation including not only blood flow 
but other mechanisms responsible for local 
homeostasis. In tissues where diffusion 
occurs rapidly and is not a limiting factor, 
the clearance constant approximates the 
blood flow. This technique was employed 
to study the circulation in the human 
gastrocnemius muscle. There was satis- 
factory agreement among values obtained 
in different subjects. A tourniquet about 
the thigh invariably brought the clear- 
ance constant to zero or practically zero. 
Reactive hyperemia, exercise and locally 
injected mecholyl produced a marked in- 
crease in the clearance constant, while 
local administration of epinephrine slowed 
the clearance markedly. Values for flow 
calculated from the clearance constants 
are in general agreement vdth other esti- 
mates for muscle blood flow in man. The 
convenience of this technique and its 
ability to yield quantitative values for 
effective circulation may make it a useful 
clinical method. 


Thermodynamic Analysis of the Relative 
Effectiveness of Narcotics. Frank Brink, 
Ph.D. (Johnson Foundation, Univ. of 
Penna.). Narcosis is a cellular process 
apparently reaching equilibrium. For a 
system of molecules in equilibrium the 
partial molal-frce energy, or chemical 
potential, of a given type of molecule is 
tlie same in all phases of the system. 
Therefore, in accordance Avith the defini- 
tion of thermodynamic actiAuty (LeAvis 
and Randall), this quantity is also con- 
stant for each molecule in each phase at 
equilibrium. These thermodynamic quan- 
ties for a narcotic in any part of a narco- 
tized cell arc therefore known if they 
can be determined in tlie external solution. 

The relative effectiveness of numerous 
narcotics on many different preparations 


were compared by calculating the activi- 
ties corresponding to the measured concen- 
trations in the external solution or gas. 
If the narcotic concentrations in the 
aqueous phase were given, the activities 
Avere calculated by means of the measured 
actiAuty coefficients published by Butler 
{Trans. Faraday Soc., September, 1936). 
If the data were in the form of partial 
pressure in a gas phase in equilibrium 
Avith the narcotized preparation then the 
activity Avas calculated as the ratio of this 
quantity to the A’^apor pressure of the pure 
narcotic at the same temperature. By 
these procedures the pure narcotic is em- 
ployed as the standard state of each 
substance. 

The results shoAV that for many narco- 
tics of different chemical structure acting 
upon a variety of cell types, equal degrees 
of effect are produced at equal thermo- 
djmamic activities. * This conclusion con- 
trasts sharply Avith findings of Ferguson 
Proc. Roy. Soc., B, 127, 387, 1939) and 
of Badger {Nature, 158, 585, 1946) both 
of whom emphasize the progressive in- 
crease, in an homologous series of com- 
pounds, of the thermodynamic activity at 
which narcosis occurs. 

The available data indicate that for the 
same narcotics either of these orderly rela- 
tions can occur, depending upon the type 
of cell studied and the kind of cell function 
that is being measured. 

The rule that for many narcotic sub- 
stances equal degrees of narcosis are pro- 
duced at equal thermodynamic actiAuties, 
though seA-^erely restricted by such excep- 
tions, is common enough to be regarded 
as the simplest law of narcosis. It is 
suggested that this rule is an important 
guide for the deA’-elopment of an adequate 
theory of the molecular mechanism of 
narcosis. 


Action of Narcotics on Synapses Com- 
pared to Axons in Sympathetic Ganglia. 
J. M. PosTERNAK, jM.D.,* and M. G. L.\r- 
RABEE, Ph.D. (Johnson Foundation, UniA-. 
of Penna.). The action of narcotics on 


* Fellow of the Swiss Foundation for medico-biologic studies. 
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synaptic functions were compared mth shown between their effectiveness and 
effects on axonal conduction by recording their differential action: the lower the 
impulses transmitted through perfused required narcotic concentration, the higher 
stellate ganglia of cats. The postsynaptic is the preferential action for the synaptic 
action potential in tlie inferior cardiac pathway. 

nerve following preganglionic nerve stimu- For a given effect on the synaptic path- 
lation measured the number of cells re- way, thermodynamic activities were near- 
sponding to synaptic excitation; the action ly equal for ethyl ether, chloroform and 
potential of the cer\dcal sympathetic the several alcohols, -while molar concen- 
trunk measured the number of Ti.-pe B trations varied nearly 19,000-fold. For 
fibers conducting impulses through the effect on B fibers, the thermodynamic 
stellate ganglion without synapse. The activities for the alcohols increased 10-fold 
effectiveness of a narcotic was measured with number of C atoms, from CitoCs. 

by the concentrations required to depress 

the action potentials in these nerves to 

50% of their control amplitude. Analysis of Skin, Muscle and Brachial 

Chloretone and sodium pentobarbital Arterial Blood Temperatures in the Best- 
exhibited preferential action on the syn- ing Normal Human Forearm. H. H. 
aptic pathway, wliich was depressed bj' Pennes, M.D. (Psychiatric Inst, of New 
concentrations respectively about one- York). Forearm skin and muscle, brachial 
seventh .and one-eleventh those which arterial blood and rectal temperatures 
equally depressed donduction over B were measured by radiometric and ther- 
fibers. Chloroform and ethyl ether also mocouple techniques in 64 subjects, 30 
depressed preferentially the synaptic path- to 60 years in age (patients of the Neuro- 
way at concentrations about one-third logical Institute, New York, without evi- 
those depressing conduction over B fibers dence of neuromuscular disease of the 
to the same extent. Both these narcotics arms). Subjects were basal, nude except 
caused detectable depression at concen- for a small sheet over the hips and lay 
trations equalling those in blood for human on an ordinary hospital bed with the right 
surgical anesthesia. forearm supported in air. Air and wall 

By contrast, ethyl urethane and ethyl temperatures were identical and ranged 
alcohol had no preferential action on from 25 to 27.5° C.;* air relative humidi- 
synapses. Actually axonal conduction ties from 45 to 75%; linear air velocity 
was depressed by concentrations lower was always below 20 feet per second, 
those equally depressing the postsynaptic (a) Mean brachial arterial blood tem- 
response. perature was 36.68° C., mean maximum 

The preferential action on the sjmaptic forearm temperature 36.52° C. in 10 sub- 
pathway developed progressively in the jects. In each of these subjects the 
homologous series of aliphatic alcohols, brachial arterial blood temperature was 
the ratio of required concentrations being higher than maximum forearm tempera- 
a linear logarithmic function of the num- ture by amounts ranging from 0 to 0.36 . 
ber of carbon atoms. For methyl alcohol, (b) The longitudinal skin temperature 
a 50% reduction of the action potential graients along the superior surface of 
of the B fibers was reached with about the long axis of the forearm averaged 
one-half the concentration required for 0.03 ° C. per cm. in 14 subjects, a neglig- 
the same reduction of the postsjTiaptic ible value in the mathematical analysis, 
response; for octyl alcohol, a 5 times (c) Thermal distributions in 17 subjects 
higher concentration was required for B around the circumference of the forearm 
fibers than for the sjmaptic pathway. at the experimental plane (8 cm. distal 

For all these narcotics, a correlation is to olecranon process of ulna) were spati- 

* All temperatures are in ° C. 
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ally non-uniform; average maximum dif- 
ference between any 2 forearm points 
was 1.2° C. for the group. In 14 subjects, 
occlusion of blood flow both through and 
below the experimental plans showed that 
these non-isothermal distributions W’^ere 
influenced by the venous return from the 
distal part of the forearm. 

(d) Deep tissue temperature distribu- 
tions in 9 subjects through the entire 
transverse axis of the forearm at the 
experimental plane were approximately 
parabolic; lack of perfect circular sj'm- 
raetry of the individual curves precluded 
logarithmic analysis. The mean experi- 
mental deep tissue temperature curve was 
therefore approximated by curves giving 
the theoretical distributions of tempera- 


ture in solid tissue cylinders with uniform 
rates of heat production and volume flow 
of blood. The mathematical analysis 
combined the general differential equation 
of heat flow in homogeneous, isotropic 
conductors, the Tick principle of physiol- 
ogy and the Newton Cooling Law. Clos- 
est approximation of the experimental 
data was obtained with substituted values 
of local tissue heat production of 0.0001 
gm. cal. per cm.® per second and blood 
flow of 0.0002 to 0.0005 gm. per cm.® per 
second. If the volume flow of blood and 
the other necessary data are obtained; 
then the rate of local resting forearm 
tissue heat production may be obtained 
by this analytic method. 
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Aphasia: A Guide to Retraining. By 
Capt. Louis Granich, U. S. Army Med. 
Admin. Corps. Appendix in collaboration 
■with Sgt. George W. Prangle, TJ. S. 
Arms’- Med. Corps. Pp. 108. New' York: 
Grune & Stratton, 1947. Price, S2.75. 

It is recognized that aphasic manifesta- 
tions do not exist alone, since brain injuries 
often cause “personalitj’’ changes, some 
degree of general mental deterioration, and 
physical handicaps, as ■well as specific mental 
disabilities outside of the language func- 
tions.” Indeed, these maj'^ he more ob^^nous 
than is the aphasia . The f oUoiving important 
topics, ■with their subdi^^sions, are consid- 
ered: The Typical Speech Disabilities, 

Receptive Aphasia, Alexia and Related 
Disorders Affecting Reading, Agraphia and 
Related Disorders Affecting Writing. 

The retraining of 8 selected cases is given, 
though no definite outline is followed, and 
onlj’’ the significant features are discussed. 
Case 1 showed an injurj’- to the left parieto- 
frontal region; part of the technique em- 
ploj'ed was through copying drills, left hand 
■writing which was rapidly developed, train- 
ing in articulate sounds, passive moulding of 
mouth parts, and mirror imitation of mouth 
movements. In about a month the subject 
was able to pronounce any sound, he wrote 
fairl}’^ well but scrambled long words, and 
rhythm was used, beating out time for each 
sj'llable. After prolonged patient training, 
much progress was made, though at the last 
recording of the case, difiicult 3 ’^ was still 
experienced in sentence formulation. This 
volume is a valuable contribution to the 
complex problem of retraining aphasics. 

N. Y. 

REHABILITA'nON THROUGH BETTER NUTRI- 
TION. Toil D. Spies, M.D., Univ. of 
Cincinnati Studies in Nutrition at the 
Hillman Hosp., Birmingham, Alabama. 
Pp. 94; SO figs. Phila. and London; 
Saunders, 1947. Price, 84.00. 

This volume is a recapitulation of the 
author’s extensive experience ■with deficiency 
disease. In it he reiterates the criteria upon 


which diagnosis of deficiency^ of the separate 
■\atamin fractions is made and describes the 
therapeutic regimen he has employed in 
relief of such deficiencies. IMost of this 
information is now generally^ available to 
the practicing physician due to the pioneer- 
ing work in the nutrition field to which Dr. 
Spies himself largely’ contributed. The pres- 
ent volume adds nothing new, either in 
information or point of ■new, but does offer 
a convenient summarization of Dr. Spies’ 
experience. K. E. 


Standard Methods of the Division of 
Laboratories and Research of the 
New York State Department of 
Health. By’’ Augustus B. Wadsworth, 
M.D. Foreword by’ Gilbert Dalldorf, 
M.D. 3d ed. Pp. 990; 105 figs. Balt.: 
Wilhams & Wilkins, 1947. Price, 810.00. 
This edition contains over 300 pages more 
than did the 2d edition. YTiile the sections 
and chapters are very’ much the same, in 
most cases they’ have been expanded to 
•include recent material. The section on 
my’cology’ has been enlarged considerably’ 
and a new section “Examination of samples 
concerned TOth restaurant sanitation” has 
been added. No mention is made of the use 
of thiogly’coUate medium for the sterility’ 
testing of biological products containing 
organic mercurials for presen'atives as is 
required by’ the IJ. S. Food and Drug Ad- 
ministration. The book still remains a val- 
uable one for public health laboratories. 

H. hi. 


A NIanual of Fractures and Disloca- 
tions. Bv Barbara Bartlett Stimson, 
A.B., jM.D., Med. Sc.D., F.A.C.S., Ass’t 
Prof, of Cliiiical Orthopedic Surgery’, Col- 
lege of Physicians and Surgeons, Columbia 
Univ. New York.: 2d ed. Pp. 223; 98 
ills. Phila.: Lea & Febiger, 1947. Price, 
83.25. 

This short text is in its 2d edition and 
represents in a remarkably’ small space a 
concise, clearly’ ■written handbook on the 
treatment of fractures and dislocations. Dr. 
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Stimson has had a wide experience with the 
effects of trauma on the human body, both 
on the Fracture Service at the Presbyterian 
Hospital and in the British Army in World 
War II. The book can be highly recom- 
mended to the medical student and general 
practitioner as the best short organized 
guidebook on this subject available. 

P. C. 


Cheaiistry and Methods of Enzymes. By 
James B. Sumner, Prof, of Biochemistry, 
Cornell Univ., and G. Fred Sojiers, Plant 
Physiologist, U. S. Plant, Soil and Nutri- 
tion Laboratory, Ithaca, N. Y. 2d ed. 
Pp. 416; 10 figs. New York: Academic 
Press, 1944. Price, S6.50. 

Progress in the fields of enzyme chem- 
istry has made necessary a new edition of 
this valuable book. Appro.ximately 50 pages 
of additional descriptive material have been 
added, and some whole sections have been 
rewritten. The major additions have been 
in the sections upon general properties of 
enzymes, phosphatases (esterases), carbohy- 
drases, and the broad gi'oup of enz 3 ’'mes 
concerned with carbohj'-drate metabolism, 
namel 3 % phosphorylases, transphosphory- 
lases, phospho-isomerases and phosphomu- 
tases. All other sections have been brought 
up-to-date, and errors that appeared in the 
1st edition have been corrected. The authors 
make no claim that this is a complete source 
book of enz 3 nne information. In fact, it was 
not written for this purpose. Detailed direc- 
tions are given for tlie preparation and 
measurement of tlie acti\dty of man 3 ’- 
enz 3 ’’mes b 3 ’’ procedures that have been 
cliecked thoroughl 3 " in their laboratories. 
The book continues to be the best available 
for ever 3 'one requiring a concise reference 
volume to the whole field of enz 3 TOes and 
their chemistr 3 \ H. V. 


Tub Chemical Coaiposition of Foods. B3' 
B. A. McCance, M.D., Ph.D., F.R.C.P., 
and E. Widdowson, B.Sc., Ph.D., 
Dept, of [Medicine, Univ. of Cambridge. 
2d ed. Pp. 156. Brooklj-n, N. Y.; Chemi- 
cal Publishing Co., 1947. Price, $3.75. 
This is the second American edition of a 
widch' used English handbook. Besides 
tabulating the composition of the various 
common foods, as purchased, data are also 
given for them after cooking, with detailed 


receipes for preparing the various cooked 
foods that have been analyzed. The two 
major sets of tables list the percentage and 
per ounce composition of each listed food. 
The tables contain information upon the 
protein, fat, available carbohydrate, calor- 
ies, Na, K, Ca, Mg, Fe, Cu, P, Cl, and acid 
base values. In the English s 3 ’-stem of 
analysis the available carboh 3 "drate is de- 
termined directly, and all values are com- 
puted as monosaccharide. Likewise, the 
authors compute caloric values by using the 
factors 4.1, 9.3, and 3.75 for protein, fat and 
carbohydrate. While the system is not the 
one ordinarily used in this country, this does 
not detract from the value of the book; a 
complete index of all foods anal 3 '-zed facili- 
tates its use. H. Y. 


An Approach to Social Medicine. B3'- 

John D. Kershaw, M.D., (Lond), D.P.H. 

Medical Officer of Health, Accrington. 

Pp. 329. Balt.: Williams & Wilkins, 1946. 

Price, S4.50. 

The first half of this volume is concerned 
with the development of societ 3 ’- and has 
little to do with medicine of toda 3 ’-, either in 
the treatment of disease or in public health 
aspects. It does, however, serve as a 
setting for Part 2— “Health and Sickness 
in Societ 3 ’’,’’ and this latter half of the book 
should bb of interest to ever 3 " ph 3 ’’sician. 

The author’s thesis is that we should not 
look upon disease as a pathological entit}" 
but as something that interferes with the 
practice of liAung. Then our objective be- 
comes the rehabilitation of the social func- 
tion of the indin’dual and not anatomical 
restoration. The earlier in disease this 
objective is applied, the more effective it 
becomes; the longer it continues, the better 
the restoration. “The ideal restoration 
scheme will be integrated at one end with 
the hospital and at the other with industr 3 L’’ 

It is further maintained that health is not 
merety freedom from disease but a state of 
“optimum functional efficienc 3 '.“ In order 
that the ph 3 ’sician achieve this for his 
clientele, his understanding of enAuronmental 
influences must be developed b 3 ^ a larger 
participation in research upon and investiga- 
tion of manA' social problems such as food, 
housing, work, leisure, sex, genetics and 
education. There are a great manA’ refer- 
ences to the literature, mainh* of England, 
and suggastions for further reading. S." B. 
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Atlas of Caudiovascdlar Diseases. By 
Irving J. Treiger, M.D. Ass't. Prof, 
of Medicine, Univ. of Illinois, Chicago; in 
Charge of Cardiographic Department, 
Presbyterian Hospital, Chicago, etc. Pp. 
180; 244 ills., 11 in color. St. Louis: C. V. 
hIosb3', 1947. Price, SIO.OO. 

The author states that a cross section of 
common types of heart disease with autopsj' 
findings is presented, with a selection of 
simple uncomplicated cases. Emphasis is 
placed on correlation of history, phj'sical 
findings, roentgenogram and electrocardio- 
gram for purposes of diagnosis and treat- 
ment. The atlas is divided into 6 sections: 
(1) the normal heart, (2) rheumatic disease, 
(3) arteriosclerotic heart disease, (4) hyper- 
tension, (5) syphilitic heart disease, and (6) 
congenital anomalies. Because of the ele- 
mentary nature of the material presented, 
the atlas is doubtless intended for those who 
know little concerning cardiovascular dis- 
eases but vdsh to familiarize themselves with 
the findings in what may be called typical 
cases. Like most atlases, its greatest useful- 
ness will be as a supplement to other forms of 
study. Cardiovascular diseases in their 
earlier and clinically more important stages 
do not yield striking pictures for reproduc- 
tion in an atlas, and pathological material is 
more difficult to collect. Por example, in this 
atlas there are no illustrations of the vitaUy 
important early stages of cardiovascular 
sj'philis, although aneurysm and aortic in- 
sufficiency are adequately presented. Per- 
haps the most serious criticism that can be 
made is that the electrocardiograms include 
only one precordial lead. 

C. W. 


The Diagnosis and Treatment of Diar- 
rheal Diseases. By William Z. Fhad- 
KIN, A.B., M.D., Assistant Attending 
Gastroenterologist, Physician-in-charge of 
Colitis Clinic, Associate Bacteriologist, 
Jewish Hospital of Brooklyn. Foreword 
by Btjrrill B. Crohn, M.D. Pp. 254; 
113 ills. New York; Grune & Stratton, 
1947. Price, S6.00. 

A BOOK such as this, stressing the im- 
portance of diarrhea and presenting the vari- 
ous conditions causing it, has long been 
needed. The first 70 pages include the 
anatomy and physiology of the digestive 
tract and general methods of treatment, 
diagnosis and prevention. Subsequently the 


diarrheal diseases are discussed individually 
as to their etiology, pathology, diagnosis and 
treatment. As stated in the preface, no 
attempt has been made to describe com- 
pletely those conditions of which diarrhea is 
only a part. Thus, under the heading of 
“Diarrhea caused by hyperthyroidism” the 
other manifestations of that disease are not 
presented. This limitation, plus an unusual 
conciseness, has produced a relatively short, 
but all-inclusive, book. Fortunately, accu- 
racy and completeness have not been sacri- 
ficed for breAuty. Confusion or omission is 
evident in only a few instances: as in the 
therapy of amebic diarrhea where the use of 
two or more drugs is advocated but not 
explained, and in the therapy of several of 
the conditions due to toxic substances such 
as arsenic, mercury and muschroom poison- 
ing. A bibliographj'^ is included at the end of 
every chapter for those desiring additional 
or more general information. The value of 
the book is enhanced b}' many excellent 
illustrations. A few more of these depicting, 
in greater detail, the microscopic appearance 
of the intestinal parasites would, however, 
not be amiss._ In view of the prevalence and 
importance of diarrhea, this book should be 
of definite value to all internists and general 
practitioners as well as to students. 

R. B. 


Curare, Its History, Nature and Clin- 
ical Use. By A. R. Me Intyre, Ph.D. 
M.D Prof, of Phj'siology and Pharmac- 
ology, College of Medicine, Univ. of 
Nebraska. Pp. 240; 25 ills. Chicago; 
Univ. of Chicago Press, 1947. Price, S5.00. 
Curare, once a laboratory curiosity, is 
now used frequently in clinical medicine. 
In this monograph McIntyre has gathered 
together practically every reference to the 
drug which has appeared from the 15tb 
centurj’’ through part of 1946. Such a 
complete summary of the literature should 
be of interest to the medical historian, 
neurologist, anesthesiologist, physiologist 
and pharmacologist. The early history of 
curare is presented in detail, as is a consider- 
ation of the botanical problems involved in 
identification of the various sources of the 
drug. One chapter is devoted to chemistry. 
There are also chapters on the action of 
curare on nenm and muscle, circulation and 
respiration, viscera and the central nervous 
system. The clinical use of curare is also 
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discussed. The author subscribes more or 
less to the cholinergic concept of neuro- 
nauscular transmission and interprets the 
action of curare in this light. This may not be 
acceptable to some readers. The possible 
role of histamine liberation in the picture of 
curare action and toxicity is omitted, A 
central nervous system action of curare is 
accepted on the basis of relatively incon- 
clusive evidence. The bibliography is per- 
haps too complete. For example there are 
178 references listed for 15 pages of Chapter 
8. Many of these seem to be included for no 
particular reason. The format of the book 
is attractive. The paper is of good quality 
and the print easy to read. 

R. D. 


Milk and Food Sanitation, By H. S. 

Adams, B.Sc. Division of Public Health, 

Minneapolis. Pp. 311; 65 ills. New York: 

The Commonwealth Fund, 1947. Price, 

$3.25. 

When the need for adidce upon sanitation 
is recognized by a lay person the family 
doctor should be a reliable consultant, 
I^Tiether he is or npt, depends on man}’- 
factors. An important one among these may 
well be the lack of a modern, attractive and 
factual text: one in which the clearl}’- cut 
answers are so arranged and indexed that 
they can be easily and quickly identified. 
For practical information upon the best cur- 
rent practice in the sanitary production, 
handling and distribution of milk and other 
foods, this volume will satisfy every inquirer: 
the family doctor, the professional sanitarian, 
the person who wants to know. To have 
recognized the great general need for this 
book is an achievement in itself; to have 
satisfied a high ambition in its production 
is to aid all our communities toward better 
Ihing. The first half of the book concerns 
milk, its history, its nutritive value, the 
public health problems connected ivith it 
and its economic importance. Then the 
author seems to take the health otficer by 
the hand and lead him gently, but firmly 
and expertl.v, through all the details of build- 
ing a high quality milk program and main- 
taining it. All the essentials of sanitarj* milk 
production, pasteurization and distribution 
are described in careful detail, -with generous 
recognition and citation of the ivork of 
others. Nothing better has been VTitten on 


miUc sanitation since the late Milton J. 
Rosenau compared the bacterial content of 
the Washington City sewage with its market 
milk, and no flattery to the milk. The 
second half of the volume concerns food and 
its importance in the field of en-vironmental 
sanitation. All details essential to the health 
officer in his control work are brought to the 
reader as -vividly as though by teleiusion. 
Throughout the need for dependence upon 
educational methods is emphasized. In the 
appendix, information is given upon man}'- 
matters such as: supplemental-}^ source ma- 
etrial, field equipment for inspectors, courses 
of instruction, the application of DDT, list 
of films relating to mflk and the precision 
testing of high-temperature short-time pas- 
teurizers. A. H. 


Medical Clinics of North America. 
Mayo Clinic Number. Blood Transfusions 
and Rh Factor. Pp. 785-1058. Phila.: 
W.B.Saunders, 1947. Price, 816.00 a year. 
The title of this issue is misleading, as 
only 5 articles deal with the subject. The 
remaining 15 articles cover a wide variety 
of subjects of interest to the general prac- 
titioner, The paper on radiophosphorus is 
well written and covers the limitations of 
this substance quite adequately. Of special 
interest is the article on duodenal ulcer by 
Thomas B. Magath, which again emphasizes 
the important conditions to be considered in 
the difi’erential diagnosis of perforated duo- 
denal ulcer. An article on atomic energ}-- in 
medical practice generalizes on the medical 
values of atomic research and on some of the 
beneficial results that may be obtainable 
from substances with such destructive po- 
tentialties. J. F. 


Forensic Medicine. By Keith Simpson, 
M.D., Lecturer in Forensic Medicine, 
Guy’s Hospital, Examiner in Forensic 
Medicine, XJniv. of London. Pp. 335; 114 
ills. Balt., and London; Williams <fc Wil- 
kins, 1947. Price, .$4.50. 

This book, though pocket size, is a com- 
prehensive presentation of Forensic Medi- 
cine. It covers the entire field with emphasis 
on the pathological side, i. e., autopsy pro- 
cedure, wounds, signs of death, cause of 
death, blood stains, identity. Tlie section on 
Toxicolog}- is also well done, and includes 



360 


BOOK REVIEWS AND NOTICES 


such new drugs as D.D.T. and the poison 
gases. Criminal Abortion and Infanticide 
are given full and adequate consideration. 

In the field of Civil Malpraxis, Negligence, 
and Psychiatrj", while hese subjects are well 
presented from the British standpoint, the 
difference between English and American 
practice not only becomes evident but is a 
serious drawback to the use of the book in 
this countiy. The classification of the in- 
sanities has been simplified and differs from 
that commonly used here. Such an im- 
portant subject for forensic practice as the 
Psychopathic Personalities is not even con- 
sidered. .The age of consent, epilepsy as a 
defense for murder, the juvenile aspects of 
crime, and man 3 ’^ other subjects, too, are 
presented purely from the English stand- 
point, as is Worlmen’s Compensation. Wliile 
it may appear captious to point out these 
differences, if this textbook obtains the cir- 
culation among American doctors and stu- 
dents that it deserves, an edition incorporat- 
ing American law and practice, would be 
well worthwhile. The book is full}' illus- 
trated, in color and in black-and-white, and 
has an excellent index. It "is designed to 
provide a brief and essentially practical 
guide to current teaching of Forensic Medi- 
cine.” As such, it is the best in its field. 

D. McC. 


Atlas of Histopathologt of the Skin. 

By G. H. Percivae, M.D,, A. Murray 

Drennan, M.D., and T. C. Dodds. Pp. 

495; 376 color photomicrographs. Balt.: 

Williams &. Wilkins, 1947. Price, S16.00. 

This is a collaborative work by a dermat- 
ologist, a pathologist and the supervisor of 
the Laboratory of Pathology at the Uni- 
versity of Edinburgh. Being an atlas, there 
is only a brief sketch of explanatory text 
preceding each section and so interpretations 
of pathologic processes have been sacrificed. 

As to the illustrations, the first impressions 
are pleasing because they remind one of the 
familiar scenes under the microscope. More 
critical study, though, leads to the realiza- 
tion that manj' of them are inadequate either 
for the noiice or the trained pathologist. It 
is true that the general patterning of the 
lesions is usually satisfactorj'; both in this 
respect and in sharpness of detail, the low 
power magnifications are fairly satisfactorj', 
but high power ones are frequently worthless 


because finer cytologic changes are hazy. In 
short, some of the illustrations are not diag- 
nostic even when the lesion is of the kind 
that is diagnostic, and most of them do not 
adequately portray the order of pathologic 
process, even, in the case. 

Typographic errors are few; in some 
places the names of diseases are capitalized; 
Senear’s name reads "Sennear.” The more 
serious omissions of diseases consist in the 
blastomycoses, coccidioidal granuloma, senile 
keratosis, parafinnoma and bromide granu- 
loma. 

Errors in the actual content are few-one 
surmises that the seborrheic keratosis fig- 
ured on page 311 is the hard nevus of Unna, 
and that the nevus pigmentosus on page 316 
is a seborrheic keratosis. The illustrations 
on page 321 might equally be a blue nevus, 
such as is so inadequately portraj'ed on page 
331, although the reviewer is aware of the 
different wevTioints as to pathologic con- 
cepts and terminology of the pigmented nevi. 

The authors deserve credit for their enter- 
prise and energj'. Thej' have succeeded in 
portraj'ing the larger patterning aimed at, 
but when cytologic detail becomes inimlved 
there is much to be desired. In short, the 
book will be found useful only up to a certain 
point, both for the trained pathologist and 
the graduate student in dermatology. 

F. W. 


NEW BOOKS 

Avierican Pharmacy. Vol. II. Edited by 
Rufus A. Ltjun, M.D., Director, School 
of Pharmacy, Univ. of Arizona. Pp. 379; 
ills. Phila.: J. B. Lippincott, 1947. 
Price, S7.00. 

Hormones and Behavior. By Frank A. 
Beach, Prof, of Psychology, Yale Univ. 
Pp, 368. New York: Hoeber, 1948. 
Price, S6.50. 

Surgical Treatment of the Abdomen. 

Edited by Frederic W. Bancroft, M.D., 
F.A.C.S., Prof, of Clinical Surgery, New 
York Medical College, and Preston A. 
Wade, M.D., F.A.C.S. Pp._ 1026; 457 
ills., and 3 color plates. Phila.: J. B. 
Lippincott, 1947. Price, §18.00. 

Teaching Psychotherapeutic Medicine. Edit- 
ed by Helen Lerand WmiER, Ph.D. 
Pp. 464. New York: The Commonwealth 
Fund, 1947, Price, S3.75. 
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Medicine. Vol, I. The Patient and His 
Disease. By A, E. Claek-I^ennebt, 
M.D., P.R.C.P., Physician to the London 
Hospital and Dean of the Medical School. 
Pp. 383. Balt.: Williams & Wilkins, 
1947. Price, S6.00. 

Pharmacology and Experimental Therapeu- 
tics. By Hamilton H. Anderson, Fumiko 
Murayama and Benedict E, Abretj. 
Pp. 368. Berkeley and Los Angeles: Uni- 
versity of California Press, 1947. Price, 
86.50. 

Knrze Klinih der Ohren-, Nascn- und Hals- 
krankheiien. By Dr. Erhard Luscher. 
Pp. 513; 201 ills. Basel: Benno Schwabe 
& Co., 1948. Gebunden Fr. 54. 

American Medical Research Past and Present. 
By Richard H. Shryock, Ph.D., Prof, 
of History and Lecturer in Medical His- 
tory, Univ. of Pennsylvania. Pp. 350. 
New York; The Commonwealth Fund, 
1947. Price, S2.50. 

Pathologisch - anatomische Untersudmngen 
aber leberzirrhose bei Sduglingen und Klein- 
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Since the time of Thomas Addison it likewise produce the syndrome of insuffi- 
has been recognized that tuberculosis is the ciency of adrenal hormones. It is felt that 
most frequent cause of the syndrome of despite their relative infrequency, histo- 
adrenal insufficiency due to massive de- plasmosis and torulosis should be kept in 
struction of the glands. It is well knotra, mind in any differential diagnosis of the 
however, that other microorganisms as sjmdrome. We ha^'e therefore reviewed all 
well as neoplasms may destroy enough cases of adrenal involvement by histo- 
adrenal tissue to produce the signs and plasmosis and by torulosis available to us, 
symptoms of adrenal insufficiency. It is and present an analj^sis of the data in 
our purpose in the present communication Tables 1 and 2. 

to point out the less well known fact that In Table 1, it will be noted that a total 
certain fungus diseases, by means of mas- of 19 cases (including Case 1 herein re- 
sive destruction of the adrenal glands, may ported) of involvement of the adrenal 

Table 1.— Summaby of Repobted Lesions of the Adhenal Glands Caused by Histoplas.ma Cap- 

SULATUM AND BY CllYPTOCOCCUS NeOFOBSIANS (ToRULA HiSTOLYTICA) (INCLUDING PRESENT CaSES) 

Number of ca^cs 
Histoplasmosis Torulosis 

41,10,17.10 5<.c.:4 

4 ;.s,i:.ii 41 ! 

915.!C.I7,“.;3.;j 2 

2^.1 113 

Totals . . . 19 8 

Per cent of described lesions showing caseation .... . , 70% 2S% 

glands by nisfopIas77ia caps7ilai77iii have destruction of such magnitude that death 
hee.n reported. Of these, 12 have shoim was presumably due to adrenal insuffi- 
some degree of destruction of adrenal ciency. In Table 2 it will be noted that 
parenchyma, and in 9 there was massive some symptoms of adrenal insufficiency 


Type of lesion 

Presence of organisms with or without foci of inflanimatory colls 
Partial necrosis without symptoms of adrenal insutlicioncy 
Mas.sivo necrosis with adrenal insuflicienc.v (including present c-asos) 
Not stated . 
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Tabi^e 2.— Analysis op Cases of Adrenal iNSurncjENcr Caused by Histoplasma CAPsoLATUJt 


Case reported by 
2. Parsons and Zarafonetis^* 
(Case 24), 193S* 


Symptoms suggestive of 
Age Sex Race adrenal insufficiency 
03 ^y Weight loss, dehydration 


Adrenal 

weight 

(gni.) 

50 

60 


2. Parsons and Zarafonetis^’ 

49 

M 

W 

Anorexia, severe weak- 

70 

(Case 53), 1940 




ness, B.P. 88/62, wt. 
loss 

05 

3. Manchester, 1941 (quoted 

03 

M 

W 

“Evidence of adrenal in- 

Not stated 

by Parsons and Zara- 
fonetis*^ 




sufficiency" 


4, Palmer, ATiio}sch and 

45 

M 

3V 

Weakness, emaciation, 

Not stated. 

Shaffer, « 1942 




B.P. 95/55 

Size 7x3.5 






X 1 cm. 

5. Van Pernis, Benson and 

03 

M 

W 

Marked weakness, SO lb. 

14.2 

HoHnger,2» 1943 




wt. loss, bronzing of 
skin 

14.5 

6. Thomas and Morehead,“ 

44 

M 

W 

Marked rveakness, severe 

30 

1943* 




respiratory infection, 
B.P. S0/G4. Weak pulse 

52 

7. Martin and Silber,is 1944 

39 

F 

W 

Marked weakness, wt. 

Not stated. 





loss of over 45 lbs.. 

Rt. twice 





gradual /ail in B.P. 

normal 





from 194/110 to 100/60 

size. Left 
10 X 5 X 
4 cm. 

8. Ziegler « 194G 

58 

F 

W 

Severe weakness, 70 lb. 

Not stated. 





wt. ioss, anorexia 

Size: 9 x 
5x3cm., 
and 7x4 
x2 cm. 

9. Rawson, Collins and Grant 

02 

F 

W 

Marked weakness, wt. 

60 

(Case 1), 1947 




loss, fall in B.P. 

65 


* Co-existing pulmonary tuberculosis. 


Description of adrcnak 

Almost complete caseation ne- 
crosis surrounded by granula- 
tion tissue. Yeast present. 

Firm gray tissue mixed wth 
yellow areas of necrosis. No 
adrenal tissue seen. 

Bilateral adrenal necrosis. Or- 
ganisms in adrenals only. 

Rubbery, caseous many tuber- 
cles and pseudo-tubercles. 

TliicJc fibrous capsules surround 
yellow-gray caseous tissue 
containing many yeasts. 

Almost entirely replaced by 
light gray fibro-caseous mate- 
rial 

Entire left gland^ replaced by 
firm nodular white tissue with 
caseous center. Right gland 
contained numerous nodules. 


Grayish yellow tissue with hem- 
orrhage and necrosis. Only 
slight cortical remnants. 


Both glands replaced by caseous 
material surrounded by fi- 
brous tissue. 


such as marked "weakness, anorexia, dehy- 
dration, weight loss, low blood pressure, 
and bronzing of the skin were present in 
each case where massive adrenal destruc- 
tion was found at autopsy. For the most 
part the importance of these symptoms 
was masked by other complaints referable 
to the involvement of other organs. It 
will further be noted that the appearance 
of the adrenal gland at autopsy was rather 
uniform. There was marked enlargement, 
and almost complete parenchymal replace- 
ment by yellondsh-gray fibrocaseous tissue 
containing the causative organism. 

Involvement of the adrenals by Crypto- 
coccus neofornans (Tonda histolytica) has 
been noted far less frequently. In Tftble 1 
it is seen that only 8 such cases have been 
reported. Only 2 of these showed any 
necrosis, and in only 1 (Case 2 herein 
reported) was there necrosis extensive 
enough to produce the sjmdrome of adrenal 
insufficiency. Case reports of adrenal in- 
sufficiency caused by histoplasmosis and 
by torulosis, respectively, follow: 

Case Keports. C.ase 1. Mrs. A. K., a 
62 year old white female, had ahva 3 's enjo 3 'ed 


excellent health until 2 months earlier when, 
for no apparent reason, she developed a small 
ulcer on the left ventral anterolateral aspect 
of Jier tongue. The lesion was quite painful 
from the start. Smears for Vincent’s and 
acid fast organisms were negative. In spite 
of local therapy, the pain persisted and the 
ulcer slowly increased in size. A biopsy of 
the tongue lesion was diagnosed as “granu- 
loma.” Following the biopsy the wound 
remained quite indolent and ver 3 ' painful. 

The remainder of her previous medical 
history was not contributory. She had lived 
in or about Philadelphia all of her life. 
There wms no histoiy of contact with animals. 

Temperature was 98° F., pulse rate 80, 
respirations 20, blood pressure 130/80, weight 
137 pounds. Over the tip of her nose there 
were a few dilated venules. Her skin color 
was normal. On the left anterolateral aspect 
of her tongue there was a rather deep granu- 
lating wound, measuring 2 x 1.5 cm., covered 
by a light gra 3 ’’ exudate. There was no 
significant lymphadenopathy. A moderate 
general diffuse C 3 'stic enlargement of the 
tb 3 Toid was present. Over the skin of the 
upper chest both anteriorly and posteriprl3'' 
there were many small papillomas, light 
chocolate in color. No other areas of pig- 
mentation in the skin or oral mucous mem- 
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brane could be seen. The remainder of the 
physical examination revealed no further 
abnormalities. Urinalysis revealed a normal 
urine. Hemoglobin was 85%; RBC 4,370,000; 
WBC 5300 (DifP.: Polymorphonuclears 
62%; lymphocytes 37%; eosinophiles 1%). 
The Kahn test was negative. A Roentgen 
ray of the chest, and a basal metabolic rate 
were both normal. 

Therapy consisted of a high vitamin diet, 
and saturated solution of potassium iodide 
5 drops 3 times a day. Within a few days 
she stated that she felt much better and that 
the pain in her lingual ulcer had almost 
completely disappeared. As the granulating 
wound on her tongue was now healing rapidly 
therapy was discontinued. Two months 
later, however, a gingival ulcer appeared in 
the lower incisor area on the buccal aspect. 
Within a few days tliis ulcer rapidl}’- increased 
in size until its diameter was 1.5 cm. The 
edges were sharp, and the center was deeply 
excavated exposing about 50 % of the cervical 
portion of the 2 lower central incisor teeth. 
Potassium iodide Avas immediatelj’’ re-ordered 
—at first 5 drops, then 10 drops 3 times a 
day. The favorable effect that had been 
noted with its first administration was not 
noAV seen lioweA’^er. 

On October 26, 1946 it was noted that her 
weight was 129 pounds. She had some 
dyspnea on slight exertion, and it was erd- 
dent that her condition was becoming rvorse. 
There Avas vague abdominal discomfort. The 
gingiA^al ulcer AA'as shoAA'ing no tendenej’^ to 
heal and it AA-as A^eiy painful. On January 24, 
1947 she AA'as admitted to this hospital 
because of the onset of foA'^er, and her poor 
general condition. Weight on admission A\-as 
123 pounds. Blood pressure Avas 120/SO. 
Temperature aa'us 100° F, The 'Ih'er Avas 
noAA' jialpable 10 cm. beloAv the right costal 
margin. It Avas not tender and the edge AA'as 
smooth. The remainder of the physical 
examination revealed no significant change. 

Chest Roentgen ray and gastro-intestinal 
Roentgen ray study AA'cre normal. Smears 
from the gingiA'a! ulcer shoAA'ed some Vin- 
cent’s organisms but no acid fast organisms 
Avere demonstrated. The blood count and 
sternal marroAA' smear were normal. The 
sedimentation rate Avas 55 mm. per hour. 
Penim protein Avas 5.5 gm. %; Avith 3.3 gm. 
of albumin and 2.2 gm. of globulin. Urine 
examinations Avere consistently negatiA'c, and 
no Bcnce->Toncs protein AAas found. 


On Februarj^ 12, 1947 her weight was 117 
pounds. An irregular fever, A^ar3ung betAA'een 
100° and 102° F. AA'as present. Anorexia and 
weakness were striking. A gingival ulcer 
Avhich had appeared on the buccal aspect in 
the region of the 2nd right upper molar and 
the ulcer in the incisor area remained 
extremely painful and Avere uninfluenced by 
treatment. 

During the latter part of February the 
asthenia increased, and an additional ulcer 
appeared on the hard palate. It Avas noted 
that the blood pressure aa'Ss falling, noAA- being 
90/70. Skin tests to blastomj'cin, sporotri- 
chin, coccidioidin, and histoplasmin were 
reported as negatiA'e. The patient lost 
ground very rapidlj'. Sodium chloride, orallj' 
and intravenously, and adrenal cortical 
extract were ineffectiA'e in raising the blood 
pressure. Death occurred March 2, 1947. 
It Avas thought that the sj^mptomatologj' and 
clinical course AA'ere compatible with the 
diagnosis of: (1) Histoplasmosis; (2) acute 
adrenal failure. Culture of the oral lesions 
(reported several daj's) gaA'e Hisloplasma 
capsulatuvi. 

Aviopsij (5 hours after death). The bodj’ 
weighed 48 kg. The principle gross find- 
ings AA'ere: (1) bilateral enlargement and 
massive caseation necrosis of the adrenal 
glands; (2) miliarj' tubercle-like structures 
disseminated throughout the lungs, liA'er, 
spleen, kidnej's, and Ijunph nodes, and (3) 
gingiA'al ulcers. Ulcerated lesions were 
present on the hard palate, and on the gum 
adjacent to the loAA'er incisor teeth. The 
tongue appeared normal. There Avas a 
diffuse colloid goiter. The ficart AA’eighed 
170 gm. and had the appearance character- 
istic of broAvn atrophj'. The lungs were 
bulk}' and emphysematous. The cut surface 
AA'as diffusel}' studded AA’ith minute trans- 
lucent, graj'ish miliar}' nodules. The l-tver 
AA'eighed 1430 gm. The cut surface was a 
homogeneous light tan Avithout distinct 
lobular markings, and with poorly defined 
miliarj’ nodules, similar to those in the lung, 
scattered throughout. The spleen weighed 
230 gnA. Miliar.’ nodules Avere scattered 
throughout. The follicles AA'ere prominent; 
the pulp Avas brick-red. The adrenals 
Aveighed 00 gm. (left), 65 gm. (right). Both 
Avere greath- enlarged and Avere replaced by 
firm grayish-AA'hite fibrocaseous material with 
hemorrhagic areas. Xo tissue suggestiA'e of 
adrenal parenchyma was noted (Fig. 1). In 
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Fig. 1. — Gross appearance of an adrenal gland (Case 1). The gland has been sectioned and laid open 
Note the caseous material and fibrous tissue which appear to have entirely replaced the adrenal paren- 
chyma. 

the kidneys, nodules were scattered tissue was caseous. At the peripherj’’ of the 

throughout the cortex, and whitish streaks caseous tissue there was granulation tissue 

following the direction of the tubules were consisting of proliferating fibroblasts among 

present in the medulla. Otherwise their which round cells and giant cells were scat- 

structure appeared normal. Caseous areas tered. At the junction of the caseous and 

were present in the aortic lymph nodes, granulation tissues were large mononuclear 

The remaining organs appeared gi'ossly cells containing innumerable histoplasma; 

normal. many of these organisms were acid fast 

Microscopic Examination. Adrenals. Very (Fig. 2). Gingival Ulcer: The mucosa was 

little adrenal tissue was present; most of the absent in places. The papilla were hea^^ly 



Fig. 2. — Pliotomicrograph of adrenal (Case 1). Giemsa stain (high power). Note the numerous yeast- 
likc organisms ndtli surrounding clear halo, which arc present in large macrophages. 

infiltrated with round and plasma cells. In arranged in no particular pattern. About the 

the submucosa there was periyascular round peripherj^ of the nodule was a moderate 

cell infiltration, and numerous organized number of lymphocytes; a few polymorpho- 

tubercles containing giant cells of the Lang- nuclear leukocj'tes were scattered throughout 

bans type. No organisms of any kind were the lesion. vSome nodules contained central 

demonstrated. Lvngs: Scattered throughout giant cells, frequently of the Langhans t3’pe- 

were innumerable round, well-formed nod- No organisms of any kind were demonstrated 

ules consisting of clustered epithelioid ceils in the lesions. Spleen: The pulp was pep- 
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pered with nodules verj’- similar to those 
described in the lung. Organisms were not 
seen. Liver: There was atrophj'- of the 
parench}Tnal cell cords. Scattered tlirough- 
out were miliary nodules less well defined 
than those in the lung. Epithelioid cells were 
less prominent. The lesions consisted prin- 
cipally of necrotic hepatic cells and polj’-- 
morphonuclear leukocytes. A few eosinophils 
were present in the lesions. Giant cells were 
ver}*^ rare, and those seen had the appearance 
of the foreign-body type of cell. Organisms 
were not seen. Heart: A few granulomatous 
nodules similar to those seen in the lung were 
scattered throughout the myocardium. Kid- 
ney: In the cortex, lesions were found similar 
to those in the lungs, but less well defined. 
In the pyramids there Avere large clusters of 
epithelioid cells and polymorphonuclear 
leukocytes which tended to folloAA' the direc- 
tion of the collecting tubules. Lyrnyh Nodes: 
Were virtuall}’’ replaced b}'’ innumerable 
miliary granulomata similar to those in the 
lungs. Final Diagnosis: Histoplasmosis, 
producing massh'’e caseous necrosis of both 
adrenal glands, disseminated gi’anulomata in 
heart, lungs, Iwer, spleen, kidneys, lymph 
nodes, and ulcerating granulomata of oral 
mucosa. 

Case 2. Mrs. M. H., a 41 3 'ear old white 
farmer’s wife, gave a history of generalized 
intermittent headaches for 15 j^ears. On 
April 21, 1947, she had been struck on the 
head in the right frontal region bj" a rake 
handle; the skin was not broken. Subse- 
quentlj' she was nauseated and vomited in 
the mornings. Vision became blurred in the 
left c.ve, and the headaches became worse, 
radiating over the left side of the head. 
Because of exccssiA’e fatigue and weakness, 
she was in bed for 5 Aveeks before being 
admitted, .on June 6, 1947, to the Geisinger 
Hospital, to Avhich aa-c are indebted for the 
folloAving information: 

On admission, ph.vsical examination re- 
A’c.alcd an obese well-deA'clopcd Avhite female 
not appearing ill. Temperature Avas normal; 
blood pressure A\’as 135/SO in both arms. 
E.ve examination revealed 20/25 Ansion in 
the right e.A’e; vision in the left OA’e enabled 
her oiiIa' to count fingers at 2 feet. There 
Avas a ciliarv flush in the left OA-e AA’ith ddbris 
on the posterior corneal surface and stringj' 
floating Autreous opacities. Enlarged, dis- 
eased tonsils Avere found: the mouth was 
edentulous. Tlie remainder of the pln-sical 


examination, including a neurologic exam- 
ination, rcA’^ealed no further abnormalities. 
Lateral skull and mastoid films AA-ere normal. 
Lumbar puncture on .June 9 revealed clear, 
colorless fluid under an initial pressure of 
190 mm., that rose to 410 mm. on jugular 
pressure, folloAved prompt fall. The fluid 
contained 51 cells per c.mm., mostl}" l 3 mipho- 
cytes, Avith 150 mg. of protein per 100 ml. 
Blood sugar was 115 mg. per 100 ml. Re- 
peated urinal 3 ’^ses Avere normal. A diagnosis 
of bilateral anterior and posterior UA^eitis and 
possible brain abscess or tumor AA'as made. 

After a course of 40,000 units of penicillin 
eA'er3’- 3 hours, she AA-as discharged improA'ed. 
At home her Ausion grew AA'orse, and by 
Jul3’’ 10 she was unable to Avalk due to weak- 
ness of the legs. She AA-as irrational, confused, 
and mental^ sluggish. On .lub’’ 17 she was 
brought to this hospital. 

S 3 '^stemic reAueAv on admission here re- 
Amaled a history of a chronic cough that had 
lasted for man 3 ’- 3'-ears, productiA'^e of I cup 
of Avhite sputum dail 3 ^ The patient had 
alAA'a 3 's been OA’erAveight. She had suffered 
AA-ith nocturia and mild leukorrhea, and had 
had chronic backache for many years. She 
had undergone appendectom 3 ’’ and right 
oophoi-ectomy in 1932. Famil 3 ’- history AA'as 
not contributory. 

PlU’-sical examination rcA^ealed an obese, 
CA'anotic Avhite female. Blood pressure was 
110/80, pulse 80 and Aveak, respirations 24, 
and temperature 98° F. Tonsils AA-ere Ireper- 
trophied, and the pharn3-x AA-as injected. 
NeurologicaljA-, she Avas incoherent, de- 
pressed, torpid and stuporous. The left 
pupil AA'as dilated and fixed, the right Avas 
normal. There AA-as questionable AA-eakness 
of the right arm. Sen.sor 3 - perception ap- 
peared normal. The left corneal reflex AA-as 
missing, otherAA-ise all reflexes AA-ere normal. 
TentatiA-e diagnosis AA-as brain abscess or 
.subdural hematoma. 

Ojflithalmologic consultation described the 
left CA'C as shoAA-ing marked ciliar3- flush, 
slight haziness of the cornea, novnAal fiAAger 
tension, man 3 - pigmented keratitic precip- 
itates and mas^h-e A-itreous exudation 
through Avhich no fundus details could be 
seen except for a large Avhite choroidal lesion 
in the upper temporal inidperipher 3 -. This 
AA-as similar in appearance to the lesions seen 
in tuberculous in-eitis. 

Laborator 3 - findings; hemoglobin 70^/; 
Icukoc 3 -te count, 14,000 per c.mm.; blood 
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urea nitrogen, 49 mg. per 100 cc.; fasting 
blood sugar 62 mg. per 100 cc. Urinalysis: 
specific gravity 1.008, acid, no albumin or 
sugar, 2 to 3 RBC and 10 to 15 "RTIC per 
high power field, no casts, occasional epi- 
thelial cells. Urine culture showed an inter- 
mediate strain of E. coli. Kolmer and Kline 
tests negative. 

dourse in hospital: Patient remained in 
much the same condition during her first 
hospital day. Suddenly and without warn- 
ing, 21 hours after admission, she expired. 

Autopst (2 hours after death). The body 
was that of an obese white female weighing 
81 kg., and measuring 160 cm. There was 
marked generalized cyanosis. Heart: weighed 
270 gm. and appeared normal except for 
mild coronary sclerosis. Lungs: Right 
weighed 280 gm., left 230 gm. I^Tiile these 
appeared grossly normal, microscopically 
they showed moderate atelectasis, with 


areas of mild compensatory emphysema. No 
organisms were seen. Idver: Weighed 1450 
gm. and appeared normal both grossly and 
microscopically. Spleen: Weighed 280 gm. 
It was a little larger and softer than usual, 
with purplish-gray surface. On cut section 
the pulp was brick-red and the trabeculEe and 
follicles distinct. Microscopically, it ap- 
peared normal. Pancreas: Appeared normal 
grossly and microscopicall3o Adrenals: The 
right weighed 22 gm., the left 30 gm. Both 
were increased in consistencjn On cut section 
there was an escape of thick whitish purulent 
liquid, which was odorless. The normal 
adrenal architecture was absent, cortex and 
medulla of both glands apparently being 
entirely replaced by the soft white material, 
surrounded bj"^ an ill defined firmer capsule 
(Fig. 3). Microscopically, the entire gland 
was seen to be replaced by eosinophilic, 
necrotic tissue containing man3' round, clear 



Fig. 3. — Gross appearance of an adrenal gland (Case 2). The gland has been sectioned. Note the large 
areas of caseous materia! separated by fibrous bands. 


spaces, varying in diameter up to 30 micra; 
in most of these there were round re/ractile 
bodies with eridenee of internal structure. 
A few of these took the hematoxylin stain, 
but most were colorless (Fig. 4). There was 
much variation both in their size and refrac- 
tiUt3^ In addition to the caseation necrosis 
there was a fibrous reaction in which active^' 
proliferating fibroblasts appeared to be 
walling off the caseous tissue. In the fibrous 
zone there were collections of B'mphocytes 
and giant cells of the foreign-bod3' t3'pe 
(Fig. 5). No recognizable adrenal tissue was 
found. Ziehl-Nielsen stains of the sections 
revealed no acid-fast bacilli. Tiie rcfractile 
bodies did not take this stain. Gram stains 
tinted some of the organisms a faint blue. 
India Ink preparations made from scrapings 


of the cut surface showed doubh^ retractile, 
round bodies, var3’mg in diameter from 
5 to 30 micra, surrounded b}' a thick clear 
capsule. Many of the organisms showed 
budding, with dumb-bell and figure-eight 
forms. Some contained retractile bodies 
3 to 5 micra in diameter, often arranged in 
clusters placed eccentrical^ in the cell. 
These organisms satisfied the morphologic 
description of Cryptococcus ncoformans (Tor- 
ula histolytica ) ; their identit3' was confirmed 
b3^ Dr. Fred Weidman. Kidneys: The right 
weighed 120 gm., the left 130 gm. They 
appeared grossly normal. Microscopically, 
the capsule of the right kidney was some- 
what thickened, with small collections of 
pohnnorphonuclear !eukoc3'tes scattered 
through the cortex. Adjacent to one such 
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Fig. 4.— Pliotomicrograph of adrenal (Case 2), Hemato\ylin-eosin (liigh po«ci). Note tlie round 
lefractilc oiganisms with cleat enveloping halo. Some oiganisms have taken the hemato\.vlin stain: 
others liave not. The oiganisms ho fioe m the tissue 


collection, embedded in the necrotic wall of 
a tubule, was a cluster of cryptococci. These 
were the only organisms found in the kid- 
neys. The left kidney showed less capsular 
thickening, but similar cell collections. Both 
kidneys showed numerous collections of 


granulocytes lying in and around the col- 
lecting tubules. The glomeruli were essen- 
tially unchanged. There was an occasional 
pigment cast. Acid fast stains of the sections 
revealed no acid fast bacilli. Brain: The 
brain weighed 1250 gm.; the meninges and 



Fig. 5.— Photomicrogrtipli of adrenal (Case 2). Hematoxylin-eorsin (high power). Note the fibrous 
ti'shuc reaction, tlie giant cells, and the necrotic area. 


brain substance a]>peared grossly normal, 
^licroscopically, some of the sections showed 
a chronic meningitis consisting of round cell 
infiltration, rare giant cells, and proliferation 
of fibroblasts. In the adjacent cortex, were 
round bodies about the size of torula which 
took the hematoxylin stain. A^o capsules or 
refraetile forms could be demonstrated. All 
other organs appeared gro'^sly and micro- 
scopically norm.al. Pei mission for the re- 
mov.al of the eyes w.as not obtained. The 
final diagnosis was torulosis, c.ausing massive 


necrosis of both adrenals, and focal lesions 
in the kidneys. It is probable that the eye 
and meningeal lesions were also manifesta- 
tions of torulosis. 

Comment. Among the multiplicity of 
symptoms caused by a disseminated 
fungus disease, the diagnostician is apt to 
overlook possible indications of failure of 
the adrenal glands. Such symptoms as 
weakness, anorexia, weight loss and dehy- 
dration are not diagnostic in themselves, 
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and indeed may be merely results of a 
febrile state. Except in the terminal 
stages, however, both histoplasmosis and 
torulosis are characterized by a low-grade 
fever; the marked weakness and enormous 
weight loss in those cases that show mas- 
sive adrenal destruction at autopsy are out 
of all proportion to the febrile response. 
Wliile terminal fall in blood pressure is 
frequent in the cases of adrenal destruction 
caused by these diseases, the sign appears 
too late as a rule to be clinically helpful. 
Bronzing of the skip was noted in but 1 
case (Case 5, Table 2). 

The 2 cases presented in the present 
communication both showed definite 
symptoms of adrenal insufficiencj". These 
were recognized during life in the first 
case, but not in the second. In Case 1 the 
disease appeared to start as a localized 
tongue lesion, and it was not until some 
time later that dissemination was evident. 
At this time marked weakness, anorexia, 
and weight loss were noted despite a fever 
of but 100° F. It was not until 2 weeks 
before death that the blood pressure fell to 
90/70. Therapy with adrenal cortical 
extract, and sodium chloride instituted at 
that time was ineffective. 

The only symptoms presented by Case 2 
which might have placed tlie adrenals 
under suspicion from the start were exces- 
sive weakness and fatigue which caused the 
patient to remain in bed for the 5 weeks 
prior to her admission to the Geisinger 
Hospital. Indeed her weakness was so 
severe that she was unable to stand long 
enough for the performance of the Rom- 
berg test. The peculiar cyanotic color of 
the skin may possibly also be attributable 
to the adrenal failure. Despite the com- 
plete adrenal destruction, however, a fall 
in blood pressure was not noted. 

Of interest is the fact that in the cases of 
adrenal failure due to histoplasmosis 
(Table 2) a ratio of 2 males to 1 female is 
found. This is the same ratio noted in 


Addison’s disease from all causes.® The 
age group (39 to 63) is somewhat older 
than that given for Addison’s disease (30 
to 50).® All cases in the series belonged to 
the white race. 

Although 76% of the cases of adrenal 
histoplasmosis showed caseation, only 28 % 
of those of adrenal torulosis did. Although 
this series is too small to draw conclusions 
as to pathogenesis, it is interesting to note 
that the caseous reaction may be an 
allergic one,^® and that histoplasma cap- 
sulatum is capable of producing sensitiza- 
tion,® while cryptococcus neoformans fre- 
quently is neither antigenic, nor aller- 
genic.^^ 

Tuberculosis and other granulomatous 
processes such as Hodgkin’s disease have 
been observed to accompany both histo- 
plasmosis and torulosis (Cases 1 and 6, 
Table 2). It is well kno-v\Ti that the 
demonstration of tubercle bacilli in sec- 
tions is often very difficult. For these 
reasons it has been suggested that many 
cases of both histoplasmosis and torulosis 
may be but the secondary invasion of 
j'easts in pre-existing tuberculous lesions — 
a concept which would explain the close 
similarity of the lesions found in the 3 
diseases. 

Suimnary. 1. Case reports available 
to us of adrenal involvement by Htdo- 
plasma capsulahim and by Cryptocoeciis 
neojormons {Tontla histolytica) are re- 
viewed. 

2. Adrenal insufficiency due to massive 
destruction of the glands is a complication 
of both histoplasmosis and torulosis, being 
more common in the former. 

3. To our knowledge, the first case of 
adrenal insufficiency due to torulosis and 
the ninth case due to histoplasmosis arc 
herewith presented. 

4. Excessive weakness appears to he the 
earliest symptom of adrenal destruction 
eaused by these two diseases. 
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The present study was undertaken in 
order to determine the efficacy of roentgen 
therapy in traumatic myositis ossificans. 
In the recent literature there are few 
reports of its use in this condition. Be- 
cause of the excellent results obtained in 
the treatment of bursitis we were induced 
to try it in a series of patients ■ndth trau- 
matic myositis ossificans. The rationale 
of employing this method in the treatment 
of myositis ossificans traumatica is be- 
lieved to be on a sound basis, since the 
condition begins as an inflammatory 
reaction in response to hemorrhage pro- 
duced by trauma. 

Etiology, The terms myositis ossificans 
traumatica, ossifying hematoma and calci- 
fjdng hematoma have been used inter- 
changeably to describe the process of 
calcification and ossification occurring 
within muscle tissue in response to trauma. 
Although the condition tends to become 
asymptomatic and to regress, it may be 
accompanied by disability and discomfort 
for varying periods of time and may even 
be progressive. It occurs most commonly 
in young men. The initiating factor 
which is most frequently described in the 
recent literature is acute trauma. Par- 
ticularly common sites of involvement are 
the muscles of the anterior aspect of the 
thigh following a blow, and the elbow 
region following dislocation. Less fre- 
quently the trauma is of chronic nature. 
Billroth (quoted by Gescbickter’) in 1885 
described myositis ossificans traumatica 
under the term “rider’s bone,” since it 
occurred in the adductor muscles of the 
thighs of cavalrymen. Later a similar 
condition was described in the deltoid 

* Now radiologist, Munn-Koch 


muscles of infantrymen. In our series 
chronic irritation played a role in 1 case. 
However, the majority were in young men 
of college age who suffered injury while 
plajdng football, basketball, or participat- 
ing in other sports. In 1 case myositis 
ossificans developed about the elbow joint 
following dislocation. 

Pathology and Pathogenesis. A number 
of theories have been offered to explain 
the pathogenesis of myositis ossificans 
traumatica. Carey® has summarized most 
of these theories as follows: (1) hemic, 
which maintains that hemorrhagic blood 
becomes organized and is transformed into 
cartilage and finally into bone; (2) sesa- 
moid bone, according to which, trauma 
stimulates the development of sesamoid 
bones; (3) bone formation within muscle 
as a result of detached periosteal flaps; (4) 
subperiosteal dissemination, which holds 
that when periosteum ruptures it allows 
subperiosteal osteogenetic cells to pro- 
liferate and invade the musculature; (5) 
hematogenous infection; (6) sjmo\aal es- 
cape, which gives consideration to the 
possibility of SJ'no^'ia escaping into soft 
parts; (7) metaplasia of intramuscular 
connective tissue into bone; (8) combined 
metaplastic and periosteal theory; (9) 
underlying diathesis or dyscrasia. Another 
theory was added by Hirsch and Morgan,® 
who believe that endochondral bone for- 
mation can take place as a result of 
stimulation of fibrocartilage by trauma. 
They find fibrocartilage to be a normal 
tissue constituent in areas where trau- 
matic myositis ossificans occurs. 

It is rather generally accepted that 
myositis ossificans begins as an inflam- 

Clinic, Janesville. Wisconsin. 
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matory process in response to hemorrhage 
due to tears and contusions of muscles, 
muscle insertions, periosteum and blood 
vessels. Thorndike^® logically outlined 
the pathogenesis as follows: (1) a severe 
deep muscle contusion accompanied by 
the tearing of muscle fibers and capillaries 
and loosening of periosteal cells, (2) 
hemorrhage with accompanying inflam- 
matory reaction that one would expect in 
hematoma formation, and (3) hematoma 
absorption in which ossification takes 
place. 

Histologically myositis ossificans has 
been studied in various stages and by 
various workers. Geschickter and Maser- 
itz® in analyzing 25 cases found the 
presence of hemorrhage, the organization 
of hemorrhage, myxomatous tissue, angio- 
matous tissue, calcification en masse, 
hyalinization of capillaries and degenera- 
tion of muscle; any combination of these 
findings were seen accorapan 3 dng bone 
formation in a section or group of sections. 
Degeneration of muscle, hyperplasia of 
connective tissue and organization of 
hemorrhage were the earliest histological 
manifestations which thej’^ observed. The.v 
noticed a tendencj'^ to capsule formation 
which was simultaneous vath calcification 
en masse in the inner portion of the jmung 
connective tissue. Islands of osteoid 
tissue which became invaded and sur- 
rounded b 3 ' osteoblasts and marrow spaces 
were found later. Witli advancing bone 
formation thej" observed partiallj' formed 
osteoid spicules and more completel.v 
formed spicules typical of those seen in the 
process of cancellous bone formation. 
Cartilage Avas present in about one-fourtli 
of the instances. Geschickter and Maser- 
itz® felt that osteoblastic formation and 
calcification were the probable changes 
which preceded bone formation. Hirsch 
and !Morgan° saAv acute exudative inflam- 
mation of the tissues and edema and 
hemorrhage in the carh’ stages as a 
sequela of the trauma; in later stages thcA* 
found scar-like connectiA-e tissue or granu- 
lation tissue AA’ith masses of bone and 
cartilage in A*ar\'ijig amounts. SIiiplcA’,^" 


Pack and Braund,*® Butler and Woollej’’,^ 
and others have reported the development 
of malignant neoplasm in mjmsitis ossif- 
icans. 

In one instance in this series surgical 
removal of a 3 by 2| inch calcified hema- 
toma from the substance of the right 
vastus intermedius Avas done Avith subse- 
quent recurrence. Histologically the re- 
moved mass shoAved areas of degenerating 
muscle surrounding an area of laminated 
bone and well formed bone spicules with 
marroAV spaces composed of loose fibrous 
tissue infiltrated by lymphocjftes and 
phagoeytes filled with some blood pig- 
ment (Fig. 3). 

Clinical Findings, The most constant 
sj’^mptom is pain Avhich maj' be of short 
duration or persistent or progressive for 
varying periods of time. On the other 
hand pain does not necessarilj'’ accompany 
the appearance of myositis ossificans 
traumatica. Limitation of motion maj' 
result particularly when the site of in- 
volvement is near a joint or a muscle 
insertion. The earliest phj'sical finding 
consists of a doughy SAA^elling Avhich in- 
creases in size and becomes more firm. 

Roentgenographicallj'’, calcification maj'^ 
appear from 1 to 4 AA'eeks after injury’. 
LeAvis'" claims that bone formation reaches 
its maximum and ends AA'ithin 6 AA’-eeks and 
then either regresses or remains stationar 3 ^ 
Geschickter and Maseritz® state that 
maximum bone formation occurs in 10 
weeks to 20 months. Thorndike’^® folloAved 
a series of 25 cases for a period of years to 
determine the final outcome of the ossi- 
fication. Nine cases (36 %) AA^ere found to 
haA-^e absorbed spontaneouslJ^ Some of 
these regressed as earl^v as 2 months after 
their discoA’er^", AA-hile another case shoAA-ed 
onlj’- partial resorption in 5 A'ears. Thorn- 
dike concluded that the criteria for 
absorption seem to be mainlj* size and 
location as aa-cH as indiAidual diathesis. 
The smaller areas of calcification and those 
in the upper extremities, AA-ith the e.xcep- 
tion of those about the elboAA', seem to 
have a greater tendencA' to disappear. 
Those in the beih- of a muscle tend to 
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become dormant and painless even in 
severe cases when regression is incomplete. 
Those near muscle insertions may become 
dormant but tend to interfere nuth func- 
tion. Hobart^” believes that continued 
irritation as by movement null tend to 
make the process progressive. 

In our series of cases pain was present 
in all and usually it was the chief symptom 
which led the patient to seek medical 
advice. Limitation of motion was the 
chief complaint in a few and Avas associated 
with pain to some extent in all. The dura- 
tion of symptoms varied from 2 weeks 
to 1 year. Soft tissue swelling and roent- 
genographic findings Avere present in all 
patients. 

Treatment. The prophylactic measures 
most Avidely adA'ocated are the aA^oidance 
of massage, the application of cold and 
the use of a compression bandage im- 
mediately after an injury, thus attempting 
to reduce hemorrhage. Bohler^ goes so 
far as to say that he belieA'es myositis 
ossificans traumatica occurs as the result 
of massage folloAAung an injury rather than 
of the injury itself. Thorndike'® states 
that evacuation of a hematoma in its 
early stages is contraindicated. 

Treatment of myositis ossificans trau- 
matica after calcification has occurred has 
consisted of physical therapy and surgical 
removal. Early surgical remoA^al has been 
condemned because of the tendency of the 
lesion to recur. Thorndike'® recommends 
operatiA-e removal only in those cases 
where ossification occurs near a joint or 
in the origin or the insertion of a muscle, 
or Avhere function is permanently impaired, 
and then only from 12 to 24 months after 
injury. 

The use of Roentgen rays for the treat- 
ment of myositis ossificans hiis been de- 
scribed by Jiingling" and others.'"-'®’''*-'*’ 
Chevrier and Boinriot*’ liaA-e treated dis- 
location of the elboAA' prophylactically AA-ith 
Roentgen rays on the theoretical basis 
that inflammatory processes Avould Ije in- 
fluenced and the myositis ossificans there- 
fore prevented. The Iiencficial action of 
prophylactic Roentgen therapy is difficult 


to proA^e for the obvious reason that many 
unirradiated sites of injury -will not 
become inA^oh’ed AAuth myositis ossificans. 
Jiingling" treated with Roentgen rays 
earlj' cases in AA’hich the inflammatory 
process AA-as likely to be still present. He 
belieA^ed that results could not be expected 
in a permanent inactiA'-e process which 
causes only limitation of mobility of a joint 
but that Roentgen therapy might still 
be used during the first 3 months for the 
reason that during this time there are still 
inflammatory changes present. 

The technique employed in the use of 
Roentgen rays in treating the patients of 
our series consisted of doses of 150 r to 
200 r (in air) delivered to 1 or 2 fields 
daily or eA^ery other day for 3 or 4 treat- 
ments. IMien indicated, a second series 
Avas giA'en in 4 to 6 weeks and a tliird in 
2 to 4 months after the first course. In 5 
cases, only 1 course Avas necessary. In the 
other 5 cases 2 or 3 courses were given. 
Technical factors were 175 or 400 kv., 
50 cm. FSD and half value layers of 1.05 
mm. Cu. and 2.4 mm. Cu. respectively. 
The field size was large enough to include 
a AA’ide zone about the area of ealcification. 

Results. The accompanjdng Table 1 
outlines the significant clinical and roent- 
genographic findings and the results of 
Roentgen therapy in each of the 10 
cases. Complete relief of pain occurred 
in all cases folloAAung treatment to the 
area inA'olved by traumatic myositis 
ossificans. Relief of pain was noted AA-ithin 
4 to 6 weeks following Roentgen therapy. 
Often the improA’-ement aa’us dramatic and 
began as soon as 2 or 3 days after treat- 
ment. The folloAAung case illustrates this. 

Case Reports. Case 1. lY. W., a police 
officer, age 34, AA-as first seen on Noa'. 16, 1944, 
at which time he complained of an exquisite- 
1}- painful lump "as sore as a boil” on the 
posterior aspect of his left thigh. The pain 
had begun 6 months prcA-iously and had 
become progressive)}' more severe. He had 
no historj' of acute injurj-. HoAA-ever, his 
duties included riding in a squad car a good 
portion of the day. Considerable aggraA-a- 
tion of the pain rc.sulted AA-hen he shifted 
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gears in his car. On examination a hard 
tender mass was found on the posterior 
aspect of the left thigh. Roentgenograms 
showed a rounded irregular calcific density, 
measuring approximately 5 cm. in length, in 
the soft tissues of the posterior aspect of 
the left thigh at the junction of the middle 
and upper third of the femur and having the 
appearance of myositis ossificans (Fig. 1, A). 
On 3 consecutive days he received 150 r 
(in air) to the affected region. Technical 
factors were 400 kv., 5 ma., 50 cm. FSD, 
IT\^L= 2.4 mm. Cu. Improvement began 


was apparently due to mechanical inter- 
ference resulting from the abnormal cal- 
cification and ossification nnthin the 
muscle tissue. In these cases improvement 
of function usually lagged behind pain 
relief and as a rule a second or even a 
third course of therapj'^ was given. In all 
but one, in W'hom a flexion deformity 
persisted, considerable or complete im- 
provement of motion followed one or 
more courses of Roentgen therapy. The 
following case is of interest from several 



Fig. 1. — A, myositis ossificans traumatica before beginning Roentgen therapy; B, approximately 3 
months after treatment witli Roentgen rays. (Case 1.) 


2 or 3 daj’s following treatment. At the end 
of 4 weeks all pain had disappeared and on 
roentgenographic examination the calcified 
mass was found to be reduced to about 
two-thirds its original size. A second and 
third series were given at a 4 and an 8 week 
interval. Roentgenographic evidence of 
further reduction in the size was observed 
about 3 months after the first examination 
(Fig. 1, B). Symptoms have not recurred. 

Limitation of motion was associated 
with pain to a lesser or greater extent in 
all cases. When pain was relieved, func- 
tion usually returned promptly to normal. 
However, in 4 cases a limitation of motion 


points of mew, but particularly because of 
the improvement of marked limitation of 
motion. 

Case 2. K. D., a 22 3'ear old white male, 
fell on Dec. 23, 1938, and struck the antero- 
lateral aspect of the lower portion of his 
right thigh against an iron bar. Swelling 
and pain followed and persisted. His family 
physician prescribed hot and cold applica- 
tions and elastic bandage, and 3 weeks later 
he aspirated hemorrhagic fluid from the site 
of injur3'. On Feb. 4, 1939, the p.atient was 
first seen in the Orthopedic Department of 
The State of Wisconsin General Hospital, 
He complained of pain in the right thigh and 
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limitation of motion in tlie right knee joint 
On examination a hard, fixed, tender mass 
measuring 5 inches in length was found along 
the anterolateral aspect of the lower third 
of the right thigh. Flexion of the right knee 
was limited to 30° both actively and pas- 
sively, neither could he completeb^ extend 
his leg- Roentgenographic examination 
showed a considerable amount of calcifica- 
tion in the soft tissues anterior to the junction 
of the middle and lower thirds of the shaft 
of the right femur and ha\nng the appearance 
of myositis ossificans (Fig. 2, A). 


to 120°. On Feb. 12, 1939, a roentgenogram 
showed that the calcified mass had been 
removed completely (Fig. 2, B). 

On March 1, 1939, the patient returned 
again with flexion at the knee joint limited 
to 40° and inability to completely extend 
the leg. Pain was slight to moderate. A 
roentgenogram showed recurrence of the 
myositis ossificans (Fig. 4, A). Between 
March 1 and March 4, he received a course 
of Roentgen therapj^ consisting of 3 times 
150 r (in air) to the involved area. Technical 
factors were 175 kv., 50 cm. FSD and 



Fig. 2.— a, myositis ossificans traumatica before treatment; B, after surgical removal. (Case 2.) 


The patient tvas referred to us on Feb. 
9, 1939, for Roentgen therapy. After the 
second treatment, however, the surgeons 
decided to remove tlie calcified mass and 
consequently the course of Roentgen therapt' 
was not completed. The microscopic study 
of the removed tissue showed degenerating 
muscle surrounded by an area of laminated 
bone. The bony spicules were well formed 
and tlie marrow spaces were composed of 
loose fibrous tissue infiltrated by Innpho- 
cytes and phacoc.vtes filled with blood 
pigment. The histological diagnosis was 
myositis ossificans (Fig. 3). Under anes- 
thc.'ia before surgical removal flexion was 
limited to 40°; after removal it was increased 


of 1. 05 mm. Cu. Five weeks later on April 
20, his ability to flex the right knee had 
increased from 40° to 120°. Pain was 
present only when pressure was applied over 
the area. Roentgenograms showed a slight 
decrease in the size of the calcification. A 
second series of 4 times 200 r, using the same 
technical factors, was given. Further symp- 
tomatic improvement occurred and there 
has been no recurrence of sjTuptoms to our 
knowledge. Roentgenograms on June G, 
1939, showed a smoothing of the area of 
calcification and a general increase in 
density but no resorption of calcification or 
e.xtension of the process (Fig. 4, B). 
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Comment. Follow-up roentgenograms consistently noted in roentgenograms 
were obtained in all cases. In 2 cases the taken after therapy had been administered, 
calcifications were eompletelj' absorbed. However, since it is well known that 
In one instance the absorption took place spontaneous absorption and decrease in 
within 4 weeks after Roentgen therapy size of myositis ossificans does occur, the 
and Asuthin 2 months after the injurj^ described roentgenographic findings can- 
and in another instance absorption took not necessarily be attributed to irradia- 



Fip. 3. — PliotomicroRram of the surpically removed tissue. (Case 2.) 


place tvithin 6 months after treatment and tion. S.vmptomatic improvement could 
within 7 months after the injury. It is not definitely be associated trith the 
noted that in these 2 cases treatment was amount of decrease in size of the mass, 
given within 4 weeks after the tratima. Although the results of treatment are 
lYith the exception of one case, at least a difficult to evaluate, particularly in a small 
slight decrease in the size of the calcified group of cases, because of the tendency of 
area was observed. An increased density myositis ossificans to regress and become 
and a sharper and smoother outline was inactive, beneficial results in this series of 
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cases appeared to be definitely related to 
treatment ivith Roentgen rays. Since half 
of the patients had symptoms which were 
persistent or progressive for at least 3 
months, it is unlikely that the prompt 
symptomatic relief which occurred follow- 
ing Roentgen therapy happened to coincide 
with what might have been spontaneous 
regression. Most convincing in this 
respect is Case 2, in which the signs and 
symptoms of myositis ossificans recurred 


toms are of long duration . Since traumatic 
myositis ossificans can be very disabling 
to otherwise healthy young men and since 
the only other adequate method of treat- 
ment is surgical and is often followed by 
recurrence, particularly if done in less 
than a year following the onset, we believe 
that the beneficial results obtained in this 
group of cases justify further trial of 
Roentgen therapy in myositis ossificans 
traumatica. 



Fig. 4.— a, recurrence 2 months following operation; B, approximately 3 months following Roentgen 

therapy. (Case 2.) 


following surgical removal, yet after 
treatment with Roentgen rays complete 
relief of pain and considerable increase of 
motion resulted. The action of Roentgen 
rays in myositis ossificans traumatica is 
believed to be similar to that in chronic 
bursitis and other inflammations. As in 
btirsitis, it is likely that the earlier in the 
course of the disease treatment is given the 
better the results will tend to be. Ti^len 
symptoms of pain and limitation of motion 
persist or arc progressive, it undoubtedly 
indicates that inflammatory changes are 
still present and consequently, improve- 
ment may be ex-pected even where sjunp- 


Summary. 1. A brief re\dew of the 
literature concerning the etiology, path- 
ology and pathogenesis of myositis ossif- 
icans traumatica is given. 

2. Ten cases of symptomatic m^'ositis 
ossificans traumatica treated with Roent- 
gen rays are presented. 

3. Following Roentgen therapy com- 
plete relief of pain resulted in all cases. 
Limitation of motion was markedly im- 
proved or restored to normal in all but one 
in which only slight to moderate improve- 
ment of function was obtained. 
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The liistory of tlie part played by the 
parathyroid in disease does not go far. In 
1864 Engel described a case of unusual 
bone disease which von Recklinghausen'” 
in 1891 classified with certain of his cases 
as generalized fibrocystic osteitis and dis- 
tinguished them from osteomalacia. 

As far as one can be certain, the para- 
thyroid was not recognized as an inde- 
pendent anatomic structure until 1880 
when the Swedish anatomist, Sandstrom, 
described the gland and gave it its name. 
So far as its function is concerned, nothing 
definite was known until 1891 when the 
French physiologist, Gley*® showed that 
in dogs extirpation of the parathyroid 
gland led to characteristic manifestations 
of tetany. 

In 1902 Benjamins*^ reported the first 
case of parathyroid tumor, probably an 
adenoma. In 190.3 Erdheim-® reported a 
case which has been recorded in the litera- 
ture as being the first. However, he refers 
to the case of Benjamins. Askanazy" in 
1902-04 published the results of an 
autopsy of a patient who had suffered from 
generalized decalcification and found a 
parathyroid tumor. Later Erdheim drew 
attention to the relation between the para- 
thyroid and the skeleton. He noted the 
association between bone disease and en- 
largement of the pai’athyroid gland and 
concluded that this enlargement might be 
encountered as a consequence. His failure 
to recognize the ctiologic significance of a 


parathyroid tumor in generalized osteitis 
fibrosa cystica no doubt retarded progress 
in the field. In 1925 Mandl,®® through 
courage, for the first time removed a para- 
thyroid tumor in a case of bone disease 
and led the way for other surgeons. 

Since 1930 better understanding of 
hyperparathyroidism and its clinical man- 
ifestations has been due largely to the 
works of Albright and his associates.'-^'®’'''" 
5,c,7.8 They showed that renal disease was 
a more common manifestation and tliat 
hyperparathyroidism could occur and be 
recognized in cases in which there was no 
evident bone disease. 

The insidious manner in which a hyper- 
functioning parathyroid adenoma exacts 
its toll over a period of years is well shown 
in reports from the literature. Only among 
those clinicians who are alert to its mani- 
fold manifestations along the way will 
early diagnosis be made. The removal of 
the tumor will cure the disease but the 
effects of irreparable kidney and bone dam- 
age which come about in the late stages 
may leave little room for rejoicing to 
either the surgeon or the patient as to the 
results. 

In approaching the subject for this 
study, the parathyroid gland was studied 
from various aspects with the plan in 
mind to portray as clearly as possible cer- 
tain facts which might be of help to the 
surgeon. Microsections, made from each 
of the 60 postmortem dissections, were 


♦ Published with the permi>-ioii of the Chief Medical Director. Department of Medicine and Surpery. 
N cterans .\dmini<itr:Uion. who a.sMimo no re-'ponbibility for the opinions expressed or the conclusions 
drawn by the authors. 
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Studied with respect to the age of the 
patient and the anatomical diagnosis. 

Embetologt.*®’^'^^ The primitive 
pharynx is the source of numerous organs. 
Most of the developmental complexities 
occur during the transitional period when 
the embryo passes from a stage in which 
the pharynx is arranged for branchial 
respiration to the stage in which breathing 
is anticipated. The branchial arches are 
bar-like ridges separated b 5 ’' grooves which 
appear on the lateral surfaces of the 
embryonic head. In the human there are 
5 arches separated by 4 external ectodermal 
grooves. Subjacent to these grooves, the 
entoderm of the pharynx bulges outward 
to constitute complimentary pharyngeal 
pouches. There are 5 sets of pouches, the 
last being rudimentary and attached to 
the fourth. The pharynx becomes flat- 
tened dorsoventrally and broadened at its 
cranial end, as a result of which it is tri- 
angular in outline. Each typical pouch 
develops a dorsal and ventral wing. 

The inferior parathjToid glands develop 
from the dorsal wings of the third pharyn- 
geal pouches. They are set free from the 
pharynx and drawn down by the migrat- 
ing thymic primordia which develop from 
the ventral sacculations of the third 
pharyngeal pouches. 

The superior parathjToid glands de- 
velop from the dorsal wings of the fourth 
pharyngeal pouches. Presumably the 
lateral thyroid primordia develop from the 
ventral wings of the fourth pouches. 
However, the main mass of the th^Toid 
develops from the ventral floor of the 
pharjnx from an entodermal pocket form- 
ing in the midplane at the level of the first 
pharyngeal pouches. 

As schematically shown in Figure 1, the 
extent of migration of the superior and 
inferior parathjToid glands and anj* rela- 
tion thej' may bear to the thjToid and 
thjmus glands maj' be realized. Para- 
thjToids IV (superior) descend a relatively 
shorter distance and are usually in close 
relation to the thjToid gland. Parathj*- 
roids III (inferior) descend a relativelj' 
greater distance and m.ay be in relation to 


the thymus. They usually come to rest 
opposite the lower pole of the thyroid but 
may extend into the mediastinum or be 
invested within the capsule of the thymus. 

Anatosit. In these dissections the 
superior pair were more often found closely 
applied near the lateral margin posteriorly 
just above the middle of the body of the 
thjToid gland. The inferior pair were more 
often located just below and lateral to the 
lower pole of the thjToid embedded in 
loose areolar tissue. (Fig. 2.) On finding 
one gland, its mate was found ordinarily 
in a corresponding position. 

The weight for each has been given as 
0.035 gm., average. Because of their 
extreme softness, the shape and apparent 
size varies. Each measures 6 to 7 mm. x 3 
to 4 mm. X 1.5 to 2 mm.®® Most commonly 
they are flattened, ovo-elliptical struc- 
tures. In this study the superior gland was 
usually found to be smaller, flattened, and 
irregular due to pressure of contiguous 
structures. Each was contained in a thin 
filmy capsule. It was not possible always 
to identify the gland by its color. Usually 
it was of a putty tan shade. Some had a 
pink cast like thyroid tissue, and others 
were grayish-yellow. Occasionally a dis- 
tinctly brovm shade existed. A small 
blood vessel was seen to branch over the 
surface of the gland in about 10% of the 
cases. At times the only means of identi- 
fying the gland grossly was by teasing 
the surface with a needle which brought 
out its filmy encapsulated form and its 
soft consistency. 

Experience with dissection of the neck 
has shovm that one can identify grossly 
the parathjToids. Hower'er, because of 
their variation in position they are not 
always easy to find. They have to be 
distinguished from: (1) a loosely attached 
peripheral bud of thjToid tissue (deeper 
reddish cast identical to that of adjacent 
thjToid with a firmer consistencj’); (2) 
IjTnph node (usually round, darker in 
color, and of brittle hardness); (3) encap- 
sulated fatty tissue (soft but of a vei^’ 
pale yellow color) ; and (4) aberrant thjTuic 
tissue which is enveloped by membranous 
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Fig. 1. — Embryology. Descent of the parathyroid glands showing relation to the thyroid and thymus. 
The inferior parathyroids and thymus take origin from the third pharjmgcal pouches, as shown on the 
loft side of the diagram. The superior parathyi oids and lateral thyroid bodies take origin from the fourth 
pharyngeal pouches, as shown on the right side. The main mass of the thyroid develops from the ventral 
floor of the pharynx about tlie level of tlie first pharyngeal pouches. The wider range for the location 
of the inferior glands along with their possible relation to thymus is appreciated. 





D.KN-vflNTER-^T 


1 lo. 2.— Anatomy. Tracheal "surface of the thyroid gland to show the 2 pairs of parathjToids as thev 
are often found at nocropey. The blood supply usually is derived from the inferior thyroid arteries. ' 
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septa of connective tissue (soft with a pale, 
dirty grayish-yellow appearance). 

The study of the 
histology of the parathyroid gland in 
these cases was made on patients whose 
ages at time of death ranged between 
21 and 82 years. 

The gland is supported by a thin cap- 
sule. Connective tissue strands pass into 
its substance forming delicate septa. The 
blood supply, which is rich, most often 
comes from the inferior thyroid vessels. 
A vascular twig enters at one point, 
divides under the capsule, and spreads out 
along the septa. The nerve supply is 
scanty and the fibers are thought to be 
entirely vasomotor. 

The parenchyma is composed of anas- 
tomosing cords of cells between which 
the capillaries are located. Often the cells 
are disposed as continuous masses. Less 
commonly they form acini of various sizes 
which may contain colloid-like material. 
Varying numbers of fat cells are usually 
scattered among the epithelial cells. 

The chief or principal cell makes up the 
bulk of the gland. It is polyhedral in shape 
and poorly outlined. The cytoplasm is 
usually scant and faintly acidophilic. Un- 
stained areas, especially about tlie nucleus, 
sometimes give the appearance of vacuola- 
tion, and these cells have been termed 
transitional. The nucleus is round and 
sharply demarcated by a basophilic out- 
line. It is large, comprising more than 
half the cell volume. Chromatin usually is 
abundant. 

Occasionally the cytoplasm appears to 
be entirely absent, i. e., complete vacuola- 
tion. This cell is termed "water clear” 
(wasserhelle). It is sharplj- outlined and 
larger than the chief cell. The nucleus is 
usually more hj'perchromatic and eccen- 
trically located. It may occur singly 
among transitional cells or in groups. 

The oxyphil cell is said to appear after 
puberty, and to increase in number with 
advancing age, forming large islands which 
are sharply outlined but not encapsulated. 
It is polyliedral in shape with a well de- 
fined cell margin and is larger than the 


chief cell. The cytoplasm is uniformly 
reddish-pink and usually completely fills 
the cell. The nucleus is about the size of 
the chief cell but not so hyperchromatic. 
In this study the cell was seldom seen to 
occur singly. The islands were usually 
located subjacent to the capsule or close 
to the connective tissue stroma. The dark 
oxyphil cell as described by Castleman 
and Mallory*^ was not observed. Best 
Carmine stain was used in some instances 
to demonstrate glycogen which was found 
to be present in the chief but not in the 
oxyphil cells. 

In a few areas the acinous nature was 
so marked that it simulated the structure 
of the thyroid gland. In some sections 
thymic tissue was found attached to para- 
thyroid tissue, and cord-like buds of chief 
cells were seen extending into the lym- 
phoid stroma. The appearance was such 
that it suggested a close relation might 
exist at some time bet\veen the epithelial 
cells of tlie Hassall’s corpuscles and the 
epithelial cells of the parathyroid. 

Pathological Physiology. The para- 
thyroid hormone acts chiefly upon the 
metabolism of calcium and phosphorus and 
apparently regulates the level of calcium 
ions. There is some evidence that the 
stimulus for the parathyroid glands to 
produce more hormone is a serum calcium 
ion level below normal. 

No unanimity has been reached about 
the mechanism by which hj’perparathy- 
roidism leads to tlie changes in bone and 
to the typical biochemical syndrome. Col- 
lip and others believe that the hormone 
has a specific action on bone tissue, caus- 
ing, notably, proliferation of osteoclasts 
which in turn lead to resorption of bone 
and perhaps the formation of giant cell 
tumors.^*’'*® Excessive amounts of calcium 
and phosphorus are liberated from the 
skeleton and transported by the blood to 
the kidneys and intestines. In this way 
the hypercalcemia, as well as the excessive 
amount of calcium and phosphorus in the 
urine Can be e.xplained. Why the inorganic 
phosphorus content of the blood dimin- 
ishes under the circumstances is not clear. 
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It is Albright’s contention^-® that hyper- 
function does not act primarily upon the 
skeleton but first influences the phosphate 
metabolism. He believes the hormone 
lowers the renal threshold for the excretion 
of phosphorus in the urine and thereby 
increases the phosphorus output. This is 
attended by fall of the inorganic phos- 
phorus and a rise of calcium in the serum. 
The urinary calcium first decreases and 
then increases. The decrease of the phos- 
phate ions in the serum, resulting in un- 


phorus compounds of the blood. The con- 
centration is a measure of disease of bone 
and not of hyperparathyroidism. Where 
there is little or no bone involvement its 
value is normal. In osteitis fibrosa cystica 
of von Recklinghausen, in which prolifera- 
tion of osteoblasts and new formation of 
bone is constantly present, the phospha- 
tase content of the blood is increased. 

Classification of Diseases of the 
Parathyroid Glands. Clinically signifi- 
cant diseases of the parathyroid glands de- 


PRIMARY HYPERPARATHYROIDISM 


Adenoma 
0 0 



HYPERPLASIA 

(WATERCLEAR CELLS) 

I f 

(AS ABOVE) 

Fio. 3.— Primary liypcrparaUiyroidisin. Scheme to show tlie cliaracteristic biochemical changes 
when due to an adenoma or to hyperplasia, and the mechanism by which they occur. Collip believes 
that the hormone has a specific action on the osteoclasts which resorb bone tissue and leads to hj-per- 
calcemia. Albright believes that its action is first on phosphate metabolism. The renal threshold for 
the excretion of phosphorus is lowered, and the effect on calcium mefabohsm is a sequclla. 



saturation of the blood with calcium phos- 
phate, ultimately leads to liberation of the 
calcium phosphate of the bones. The in- 
fluence of the hormone on calcium metab- 
olism and on the bones wotild then be only 
a sequclla of tlic change of phosphorus 
metabolism. Not all the investigations 
give confirmatory evidence to this view. 

The serum alkaline phosphatase is ap- 
parently derived from osteoblastic tissue.^® 
It is an enzxTne capable of liberating inor- 
ganic phosphorus from the organic phos- 


pend on whether there is too much or too 
little of the hormone produced, and may 
be classified simply under three headings: 

1. Prim.lry States (other than neo- 
plasms where no cause has been found). 
From 1934 to 1947, 2G cases of hyperplasia 
with hyperfunction have been reported.®-’® 
In each instance all of the glands were 
involved and were composed cntirelv of 
water clear cells. Chronic idiopathic h\-po- 
parathyroidism. in which there is atrophy 
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of the parenchyma -with fat replacement, 
is equally as uncommon. 

2. Secondakt States. Physiopatho- 
logic conditions resulting in chronic renal 
insufficiency with phosphate retention and 
chronic acidosis, and diseases which de- 
plete the available calcium in the body 
(rickets, osteomalacia, multiple myeloma, 
carcinomatous metastasis to bones, etc.) 
can cause hyperplasia of the chief cells 


involves one gland. However, in about 
8% two separate adenomas have been 
found. In the hyperfunctioning tumors, 
the chief cells are responsible. Adenomas 
consisting of oxyphil cells have not been 
shown to produce hyperparathyroidism. 
These cells have no knovm function. 

Hyperfunctioning tmnors giving un- 
equivocal clinical evidence of malignancy 
are exceedingly uncommon. In rare in- 


Secondary Hyperparathyroidism 

Chronic Renal Insufficiency 



Vitamin D Deficiency 

• • 

• • 



Fig. 4. — Socondarj’ hj-pcrparatlijToidbm. Scheme to show the biochemical changes and the mechan- 
ism by which they occur. In chronic renal insufficiencj' the stimulus to overacti\’ity of the gland appar- 
ently results from phosphate retention. In osteomalacia and rickets, the stimulus is a calcium deficit 
in the blood stream. 


with enlargement and hj'perfunction of the 
parathjToid glands as a compensatory 
measure. Hj’pofunction, which may result 
in tetany, will occur when there has been 
sufficient injury to or excision of parathy- 
roid tissue during thjToidectoray. 

3. Neopl-^sms. In 1902 the first case 
with reliable evidence of an adenoma was 
published;'* reports of cases through 1946” 
have mounted to 337. Usually the tumor 


stances have they been shown to recur, 
invade, or metastasize. There 
have been confusing reports of non-func- 
tioning malignant parathyroid tumors. 

Clinical IvIanifestations of Hyper- 
PARATHTROIDISM. The cHnical manifesta- 
tions of hj’perparathjToidism are protean 
and most variable. The way in which the 
disease becomes erident may be shown by 
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its effect upon the circulating blood, the 
urinary tract, and the skeleton. 

1. Blood (increased calcium — decreased 
neuromuscular excitability) : Apathy, weak- 
ness, fatigue, anorexia, nausea and vomit- 
ing, constipation, weight loss, brady- 
cardia, cardiac irregularities, and conduc- 
tion defects. 

2. Urinary Tract: Increased calcium 
and phosphorus excretion attended by 
thirst and increased urine output; renal 
calculi with resultant symptoms; and renal 
damage from calcium deposits in the 
parenchyma, pyelonephritis or obstruction 
with evidences of insufficiency. 

3. Skeleton (demineralization and osteo- 
clasis) : Pain and tenderness of bone, pain 
on weight bearing, pathological fractures, 
deformities, decrease in height, cysts, 
tumors, epulides. 

The full range of symptoms is to be 
encountered only in a case of severe 
"classic” osteitis fibrosa cystica, and even 
then there is marked variation in their 
occurrence and severity. In most cases 
the history has disclosed that the patient 
has had the disease years before the diag- 
nosis was made. 

Except in instances of severe hypercal- 
cemia, symptoms may be vague, and in 
cases in which there is minimal alteration 
of the chemistry of the blood they are 
often absent. Since tlie chemical altera- 
tions are the reverse of those encountered 
in parathyroid tetany, one would e.xpect 
to encounter symptoms which represent 
the converse of tetany, i. e., decreased 
neuromuscular irritability. This is, indeed, 
tlie case. Occasionally, gastrointestinal 
symptoms, such as attacks of abdominal 
pain, nausea and vomiting, are the pre- 
dominant features. 

The excessive loss of minerals is ac- 
companied in most instances by conspicu- 
ous polj-uria and polyd^•psia which has led 
to a mistaken diagnosis of diabetes in- 
sipidus. Polyuria is not always present 
and its presence or absence cannot be cor- 
related with tlie degree of calciuria which 
exists. 

In a high percentage of cases, symptoms 


associated with nephrolithiasis are the first 
manifestations of the disease. Calcium 
salts may be deposited also in the pyra- 
mids (nephrocalcinosis) and lead to renal 
insufficiency. The diffuse calcification of 
the renal parenchyma, associated with 
fibrosis and destruction of renal substance, 
leads to irreversible changes even though 
the hyperparathyroidism is eliminated. It 
may be difficult to distinguish clinically 
primary hyperparathyroidism with osteitis 
fibrosa cystica and secondary urinary in- 
sufficiency, from primary renal disease 
with accompanjdng secondary hyperpara- 
thyroidism and renal osteitis fibrosa cys- 
tica. The distinction is important, for, in 
the case of primary disease, removal of the 
parathjwoid tumor may prolong life, 
whereas it is probable that, in primarj’- 
renal disease with secondary hyperpara- 
th^Toidism, parathyroidectomy would 
shorten life. 

In many cases in which the absorption 
of calcium from the diet is approximately 
equal to that lost tlirough the urine, no 
evident change occurs in the skeleton. In 
other cases, there may be any degree of 
skeletal involvement. Patients with min- 
imal changes may have no symptoms 
whatever, or, at the most, have vague 
aching and pain. When involvement is 
more marked, pain and tenderness of bones 
and especially pain on weight bearing are 
presenting symptoms. Any bone tumor 
which on biopsy turns out to be a benign 
giant cell tumor (osteoclastoma) may be 
evidence of underlying h^’perparathyroid- 
ism. Such a tumor of the jaw is called an 
epulis; it is present in an appreciable num- 
ber of cases, and might direct the attention 
to the underlying disease. Not every 
epulis, however, is due to hyperparathy- 
roidism. A pathological fracture some- 
times is the first clue to the disease. 

The differential diagnosis has consisted 
largely in distinguishing hyperparathy- 
roidism from other conditions which pro- 
duce liypercalcemia and from diseases 
affecting the skeleton in a similar manner. 
Essential laboratory data in arriving at 
the diagnosis in a given case should in- 
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Fig. 5. — The iiaratliyroid cl.and from a jiaticnt (Case 1) with severe chronic artliritLs (Icformans. 
Watcr-cic.ar ccIF and liyalinc degenerative chaiiKCs are .‘■een. (X 330.) 

Fig. G. — Tlie unirradiated left paratlij-roid filand (Case 2). Fat cells are teen in the .«trorn.a. 
(X 330.) 

Fig. 7. — Tlie irradiated richt paratliyroid eland (Case 2). Tlie chief cells are .shrunken and their 
nuclei tend to l>e hyperehroniatie. Fat cells arc alr-cnt. Tlierc Is fihro.sis atmut the eord.s. (X -lOtl.) 

ITg. .S. — The irrndiate<l rieht par.ath.vroid eland (Case 2). Nests of epidermoid carcinomatous rclls 
are seen in lymphatic channels. (X 250.) 
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elude: repeated determinations of serum 
calcium and phosphorus, serum proteins, 
non-protein nitrogen, carbon dioxide com- 
bining power, and serum alkaline phospha- 
tase when there are bone changes. 

Histopathology. Case 1. Degenerate 
parathjToid gland showing only water clear 
cells. 

In Figure 6 is shorni the histopathological 
findings in the parathyroid removed from a 
patient (J. C.), age 50 years, who for 9 years 
had been unable to walk because of severe 
arthritis deformans involving all major 
joints. He had been cared for in the Veterans 
Hospital for 8i years before death and was 
found also to have renal calculi with evidence 
of kidney damage. Roentgenographs of the 
bones disclosed generalized osteoporosis. 
Serum calcium and phosphorus levels were 
within normal limits. The serum alkaline 
phosphatase was elevated. The N.P.N. rose 
from 35 to 100 mg. during' the last year of 
life. 

At necropsj’', the kidneys were found to be 
badly damaged. Only one pale yellow para- 
thjToid gland, of normal size, was found. It 
consisted entirel}’’ of water clear cells with 
scattered fat cells. There were marked hj’-a- 
line degenerative changes in the subcapsular 
region, between tlie lobules, and around the 
arterioles. 

Case 2. Effects of irradiation therapj’’ 
and metastasis of carcinoma to right para- 
thjToid. 

In tlie case of A. J., the effects of irradia- 
tion on the paratii 5 Toid gland can be seen 
(Figs. G, 7, S). The patient was a G2 year 
old male wlio was admitted to the hospital 
for treatment of bronchogenic carcinoma 
with cervical metastasis. He was given pal- 
liative irradiation over a period of 1 month, 
consisting of 1950 R units to each the 
anterior and posterior mediastinum and 
3000 R units to the right side of the neck. 
Tlic left side of the neck was not irradiated. 
Postmortem c.xamination showed the right 
lobe of the tln-roid to be replaced Iw carcin- 
oma. A soft, pale tan parathyroid gland, 
G X 2 X 2 mm., was on the anterolateral 
surface of the metastatic tumor mass to 
which it was loosely attached. The left lobe 
of the thyroid was uninvolved, except for a 
metastatic nodule in the lower pole. A 
normal-sized parathyroid gland with slightly 


darker color was located just below the left 
inferior pole. 

Histologically, the left parath 3 Toid gland 
showed a predominance of chief cells. There 
were several acini, two of which were moder- 
ately large and contained colloid-like ma- 
terial. Two small islands of ox'jTihil cells 
were present and fat cells were scattered 
throughout. The right gland (irradiated) 
showed shrunken chief cells with increased 
fibrosis about the cords. There were no 
oxyphil or fat cells. Nests of epidermoid 
carcinomatous cells were present under the 
capsule and in the lymphatic channels. 

Case 3. Minute oxyphil adenoma. 

The photomicrograph shoum in Figure 9 
was made from a patient (A. H.), age 67 
j'ears, who died from a brain tumor. A 
review of the clinical studies disclosed no 
evidence suggesting hj'^perparath3Toidism. 
Serum calcium and phosphorus were not 
determined. 

The parathyroid glands grossty appeared 
normal. However, one gland disclosed on 
section a well circumscribed adenoma (H x 
1 mm.), consisting of pale o.xyphil cells. 
Some of these cells contained vacuoles and 
one small acinus with colloid material in it 
was noted. The surrounding chief cells were 
compressed and arranged in cords. 

Case 4. H 3 ’^perfunctioning parath 3 ’-roid 
adenoma; report in detail. 

W. J, U., a white Spanish American War 
veteran, age 70 3 'ears, was admitted to the 
Veterans Hospital, Hines, 111., ]\Ia 3 ’- 28, 1946, 
for the treatment of “probable carcinoma of 
the descending colon.” He died 3 months 
later. 

History. jMembers of the famib' lived to 
be old. There was no record of cancer. The 
patient had received radium pack treatment 
to the th 3 Toid area for goiter. 

The patient first noticed a change in the 
shape of his chest about 1939, at which time 
he began to experience indefinite aches and 
pains. He had begun to lose weight, ha\'ing 
weighed over 200 pounds at one time, be- 
came weakened, and noticed that his height 
was dimini.shing (maximum height was 71 
inches, present height G5 inches). S 3 'mptoms 
of frequenc 3 ' and urgcnc 3 ' of urination fol- 
lowed, and about 1940 a suprapubic prosta- 
tecton) 3 ' ■"O'; performed. He was told that 
no growth was found. 

Two r-ears before admission he tripped on 
a rug and fractured the left hip and left 
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humerus. The humerus was impacted and 
required no immobilization. The femur was 
treated by insertion of a Smith-Petersen 
pin. The family was told that the bone was 
abnormally spongJ^ Following this he was 
up and about with the aid of crutches. 

About 6 months before admission he de- 
veloped a diffuse itching of the skin which 
persisted. Two months before admission he 
had a painful pruritic eruption of the right 
side of the back which was diagnosed 
shingles. The day prior to hospitalization he 
began to have sharp sticking pains in the 
left lower quadrant when he moved his bod3'^ 
and when he urinated. 


of the fingers. The left leg was 1 inch shorter 
than the right. Movement of the left leg 
caused pain in the lower abdomen. The back 
showed a marked thoracic kyphosis with 
slight scoliosis. 

The head was of normal configuration. 
The eyes were essentialty normal except for 
impaired vision, band-shaped keratitis bi- 
laterall3’^, and right senile entropion. Hearing 
was impaired. The oropharynx was negative. 
The patient was edentulous. The lobes of 
the th3noid gland were enlarged and nodular. 

Ex-pansion of the chest was limited con- 
siderabl3^ Lung fields were clear. The heart 
was not enlarged. Sounds were distant. 



Fig. 9. — Part of a minute ojrj'pliil coll adenoma (Case 3). It is well circumscribed and the surroundinc 
chief cells arc arranzed in cords and appear compressed. (X 150.) 


Gastrointestinal tract: Appetite had boon 
finicky for the past 3 months. There were 
frequent cpLodcs of constipation but no 
di.arrhca. He had vomited after breakfast 
for the past 10 days. Cardiorcspirator3' tract; 
Essontialh' negative. Genito-urinan* tract: 
Nocturia 3 times nightly. No hematuria 
and no histora' of rcn.al colic. 

Phijairnl Examination. A poorh' nour- 
ished bctlriddcn white male avho appeared 
chronicalb' ill and older than his 70 a-ears. 
There were defonnitic.s of the chc.-t (Lateral 
narrowing), left hip, left shoulder, and joints 


Blood pressure 130/80. The abdomen was 
soft and no mas.ses avere palpable. There 
was tenderne.s.s in the left lower quadrant. 
A midline surgical scar avas present bcloav 
the umbilicus. Rectal examination disclosed 
no mas.scs. Tlic prostate aa'as normal. Tlic 
genitalia aa'as normal. 

Tlie skin avas pale, dry, and thin. Scars 
of herpes zoster avere present along the right 
upper chest aa'all. .Small, shotta' la'mph nodes 
aa’cre palpated in the nock, axilhc, and groins. 
The reflexes avere actia-c and equal. Tlicre 
were no pathological responses. 
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Fig. 10.— Roentgenogram of left humerus shows osteoporosis and a cystic area. There is evidence of a 

liealcd fracture of the surgical neck. (C-ise 4.) 



1 r! *'’” ^\-~;^o«’'dfrenojn-.ani of pehis .«hou-s the migrating Smith-Petersen pin c-vtending througli the 
loft acef.ahulum. V There i^ an old unreduced fracture of the nock of the left femur. O^tcoporoMS and 
cystic phango-. are present. (C.^se 4.) 
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Special Examinations and Laboratory Data. 
Roentgenographic studies (Figs. 10, 11, 12) 
showed generalized osteoporosis of the long 
bones and numerous cystic areas. There 
appeared to be some increase in thickness 
and density of the bones of the cranial vault. 
E\ddence of a healed fracture of the surgical 
neck of the left humerus was present. There 
was an old unreduced fracture of the an- 
atomical neck of the left femur. A migrating 
Smith-Petersen pin was seen extending 
through the acetabulum into the pelvis. A 
barium enema was negative. Electrocardio- 
grams were abnormal, showing atrioventricu- 
lar block and e^ddence of myocardial damage. 
Cj'stoscopic examination showed a trigonitis 
and elevation of the trigone on the left due 
apparently to external pressure by the Smith- 
Petersen pin. 


and 19.5 mg. Seven serum phosphorus 
determinations ranged between 3.4 and 4.4. 
Urinarj’- calcium excretion determinations 
showed increased 24-hour output. The alka- 
line phosphatase was slightlj^ elevated (4.5 
and 6.8 Bodansky Units). The serum pro- 
teins were 6.9 mg. with normal albumin- 
globulin ratio. Bence-Jones protein was 
negative. 

The first impression w’as that the patient 
had Paget’s disease of bone and it had been 
proposed to remove the migrating Smith- 
Petersen pin. However, during the time that 
effort w'as being made to improve his general 
condition and the uremic state it became 
apparent through further studies of the 
blood chemistry that the true diagnosis was 
osteitis fibrosa cystica generalisata (von 



ITo. 12. — RoontKcnoprntn of .skull sfiows some incrc.isc in thickness and density of tlic Ixincs of the 
cranial vault. Thi.s rocntccnoloBical findinc wa-s largely responsible for the early impression tliaf the 
patient hud Pajrct’s disease of the lx)ne. (Capk 4.) 


A moderate anemia was present. The 
initial blood count was; Hemoglobin 10 gm.; 
RBC, 3,2.50,000; IVBC, 9,200 (neutrophil.s 
92 So lymphocytes STr)- Urinalyse.s shoyed 
trace.s of albumin with moderate to man}' 
WBC, few RBC, and no casts. Specific 
gravities ranged Iwtween 1.003 and 1.012. 
P.S.P. showed lOCi- excretion of the dye at 
the end of the first hour and lOTi at the end 
of the second hour. Sixteen N.P.X. readings 
ranged between 49 and 200 mg. Six scrum 
calcium determinations ranged between 14 


Rccklinghau.sen’s disea.ee), .eecondnry to a 
parathyroid adenoma. 

Preopcrativcly the patient was restlc.ss and 
averse to eating. He complained of dryness 
of the mouth, itching of the skin, and occa- 
sionally vomiting. Cheyne-Stokes rc.spira- 
tion wa.s present at times. On .lunc 19, 1910, 
a weakne.ss of the left arm was noted. lie 
developed a fecal impaction, following which 
he had diarrheal stools for several dny.=. 
Although there was api)arcnf improvement 
in the uremic state, his general condition 
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did not improA^e. At tlie onset he Avas able 
to be out of bed in a Avheel chair for an hour, 
but later he could not be encouraged to get 
up at all. The pulse rate varied between 
100 and 120 per minute and there AA'ere occa- 
sional ex'tra s 3 '’stoles. Urinarj'^ output aa^es 
A vithin the normal amount. 


Postoperative Course. On the day of oper- 
ation the patient aa'es giA'-en 20 cc. of 10% 
calcium gluconate (2 gm.) intraA'^enousb'^ and 
2 cc. (20 units) of parathj'roid extract 
intramuscularl 3 ^ On the folloAA’ing da 3 ’' he 
receiA’^ed with intraA'^enous fluids 40 cc. of 
10% calcium gluconate (4 gm.), and 20 



Fig. 13 — Thyioid gland and paiathyroid adenoma (surgical specimen). The thyroid is enlarged and 
nodnlai. The tumor (sectioned) at the right lowei pole of the thyroid i\eighed 10 gm. and measured 
3i.\.3ix2cm. The cyst can bo seen (Case 4.) 

Operation. On August 14, 1946, under 
endotiaclieal geneial anestliesia, explora- 
tion of the neck Avas done. The th 3 Toid A\as 
enlaigccl and adenomatous Atith degenciatix’-e 
changes thioughout consisting of small C 3 'sts 
and calcified aieas. At the lateial boidei of 
the right Ioavci jiolc posteriorbv, in the 
tiaclioo-csojtliagcal giooA’c, aa'es a graA'ish- 
A’clloAA’, soft, lobulated tumor aa-IucIi con- 
tained a CA’stic area \ cm. in diametei, AAith a 
partialbv calcified AAall and a calcified nodule 
] cm. in diameter in the center (Fig. 13). 

The tumor aaes disfincth' paler and softer 
than the th 3 -roid lobe to aaIucIi it AA’as at- 
tached liA* conncctix'e tissue. It measured 
31 X 31 X 2 cm. and AAciglied 10 gm. The 
other iiaiatliA-roid glands AAore not seen. 

The tumor and most of the tliAToid gland 
\A ere rcmoA'ed. 


units of parath3’i oid extract intiamuscularlA'. 
Dih 3 'diotacl] 3 'steiol 1 cc. aaes giA'en oralbv 
that CA'cning. Daib' theieafter he aaes given 
1 cc. of dih 3 'drotachysterol until August 25, 
1946 (eleA'onth postopeiatiA'e da3’), at AA-hich 
time he refused to take some of his oial 
medications and it AAas not thought neces- 
sar 3 ’^ to continue it. 

The blood chemistiy findings, including 
urea nitrogen, calcium, and phosphorus, are 
‘=hoAAn in Figure 14. PostoperatiA'eh' the 
seium calcium aaes seen to fall to normal by 
the fourth day and then to rise again. The 
possibility of another parathyroid adenoma 
AA'as considered. 

On the first postoperatix’e dax* the urinarx' 
output measured S.50 cc. The patient did 
not de\-elop an oliguria although he had 
difficulty in voiding and required c atheteriza- 
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Graph showing pre- and postoperative blood 

CHEMISTRY FINDINGS 

Fig. 14. — Preoperative apd postoperative chemical findings. Preoperatively, there was improvement 
in the uremic state. Repeated serum calcium values were elevated. Seram phosphorus values were 
within normal range, presumably because of the renal damage. 

Postoperatively, on the day of surgerj' and the first day after surgery, he was given calcium gluconate 
and parathjToid extract. Subsequently he took, orally, | cc. of dihydrotachysterol each day until the 
eleventh postoperative day. The serum calcium is seen to fall to normal by the fourth day and then 
to rise again. Because of this, the possibility of another parathjToid adenoma was considered. (Case 4.) 



Flo, 15. — Lung Calcium deposits arc seen in the alveolar septa; there is much connective 
tissue reaction. (C.abe 4. X 300.) 
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tion. He remained apathetic and at times 
was noisy and confused. He bad difficulty in 
raising accumulations of mucus from the 
throat, and nose and throat examination 
showed that he had developed paresis of the 
inferior laryngeal constrictor muscles. Elec- 
trocardiograms disclosed an auricular fibril- 
lation. It became difficult for him to swallow 
food or liquids and at times respirations came 
slow and labored. Considering his poor con- 
dition preoperatively, the postoperative state 
was not thought alarming until August 29 
(fifteenth postoperative day) when he sud- 
denly became dyspneic and e.xpired within a 
few minutes. 


chyma, especiallj’- about the C 3 'sts. Division 
between cortex and medulla was indistinct. 
No calculi were present in the rest of the 
urinary tract. The urinaiy bladder and 
ureters were grossty normal. There was no 
obstruction to the bladder neck. The pros- 
tate was small. The Smith-Petersen pin had 
migrated a distance into the pelvis 4 cm. 
from the left acetabulum to the left side of 
the sacral promontory. It was covered only 
by peritoneum. The bonj'' skeleton showed 
a soft round area, 1| cm. in diameter, in the 
left parietal bone of the skull. A hard 
nodular area was observed in one rib. The 



Fig. 1G. — ICidncy. Calcium deposits arc present in and about the tubules (ncphrocalcinosis) with 

reactive fibrosis. (Case 4. X 150.) 


Necropsy. The surgical neck wound was 
well healed. There was a decubitus over the 
midthoracic vertebra?. Body weight was 
about 98 pounds. Careful search for j)ara- 
thyroid tissue was made in the neck and in 
the anterior and posterior mediastinum, 
taking maiy specimens for histological stud}'. 
None Avas found. Onlj' about 4 gm. of 
thjToid tissue remained at the right upper 
liole. There were no significant findings in 
the heart and lungs. The aorta showed severe 
arteriosclerosis. The gastrointestinal tract 
was negative. A calculus 1 cm. in diameter 
was present in the gallbladder. The kidnej's 
wore markedh' contracted and had coarseV 
granular surfaces; each weighed 50 gm. Cut 
section showed several c.vsts with thick, 
partial)}' calcified wall-s. Gritty, yellow 
granules were prc.sent throughout Bie paren- 


bone of the left claA-icle and lumbar vertebra? 
shoAved no gross change. 

Significant Histopathological Fmdings. 
There were calcium deposits in the ah'eolar 
septa of the lungs AA’ith fibrous reaction 
(Fig. 15). Calcium A\'as also pre.sent in 
considerable amounts in the parenchj’ma of 
the kidnej's (Fig. 16). There AA'as much 
associated reactionarA' fibrosis and the glom- 
eruli AA'ere badlj- damaged, main' of Avhich 
AA-ere hyalinized and fibrosed. There Avas 
mild liA'perplasia of the prostate. Some 
sections of the bone showed proliferation of 
fibrous tissue Avith thinning of the trabecula?, 
^lost sections Avere not unu.‘:ual, howeA'er. 
There was considerable fibrosis in the spleen. 
No eA'idence of calcification Avas seen in 
sections from the g-astrointestinal tract. The 
brain di.cclosed moderate gliosis. The small 
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vessels were thrombosed and there was some 
degeneration of the nerve cells, showing 
pigmentation. There was calcification in the 
media of the small arteries in sections taken 
from the neck. 

Histological examination of the parathy- 
roid adenoma showed it to be composed 
largely of chief cells with islands of pale 
oxyphil cells present here and there. There 
was considerable dense connective tissue run- 
ning in bands which had di'i'ided the tumor 


of staining. The cells were especially dis- 
torted in the dense connective tissue and 
calcified zones. Few mitotic figures were 
present. There was no eHdence of in- 
vasive tendency. 

Best Carmine stain disclosed fine glycogen 
granules in the cytoplasm of the chief cells 
but not in appreciable amount in most areas. 
Special staining (Sudan HO showed no fat 
in the tumor cells. 



Fig. 17.— The p.irathyroid adenoma. Section shows the chief colls arranged in a continuous mass' 
A dense connective tissue septum is seen on one side. (Case i. X 400.) 


into lobulations. Various cell pattern? were 
pre.'cnt, including areas of many small fol- 
licle.?, arrangement of cells in cords, and 
arrangement of cells in broad sheets, the lat- 
ter being most common (Fig. 17). There 
were calcified areas, one large c.v.st, a verj* 
vascular area, and an are.a with marked 
hyaline change.? among the cells. In .?omc 
sections tfie cells varied considerably in size 
and sliapc. In most sections the cytoplasm 
stained uniformly but there were a few areas 
'11 which there wa.s vacuolation. The nuclei 
also A-aricd in size and sh.apc and in intensity 


Snmmaiy, A study of the parathyroid 
gland, based, in part, on 60 postmortem 
e.xaminations, has been presented. It in- 
cludes a review of the embryology, anat- 
omy, and histology. Consideration is given 
to the mechanism of hyperparathyroidism 
and its clinical manifestations. Certain 
histopathologica! features are discussed. 
A case of osteitis filirosa cy.stica generai- 
isafa (von Recklinghausen’s disca.se) asso- 
ciated with parathyroid adenoma, includ- 
ing necropsy findings, is reported. 
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Gastric carcinoma in individuals 30 
years of age and younger is a rare disease. 
In 1941 McNeer^ reviewed the world liter- 
ature on this subject and found 501 cases 
below the age of 31 and in which the diag- 
nosis was reasonably justified. In addi- 
tion, he reported 5 cases of his oum, col- 
lected from a total series of 682 cases of 
gastric cancer, an incidence of 0.7%. In 
the earlier literature Welch® reported an 
incidence of 2.8 % of gastric carcinoma in 
this age group of a total of 2038 cases. 
More recently, Walters and his co-workers'* 
collected 24 instances of gastric carcinoma 
between the ages of 24 and 29 from a total 
of 2772 resected cases. By considering all 
cases of carcinoma of the stomach, Wal- 
ters, Gray and Priestlej’® reported the 
largest single series of carcinoma in youth. 
Of a total of 10,890 cases there were 90 
below the age of 30 with carcinoma of the 
stomach. The youngest case in this series 
was a male aged 18. 

Because of the rarity of this condition in 
youth, there has been a frequent tendency 
cither to overlook this diagnosis when the 
patient is 30 or younger, or if there is 
clinical and roentgenologic eridcncc of a 
ga.<;tric lesion to consider other diagnostic 
possihilitie.s to he more likely. Benign 
gastric nicer, gastric liie.s or g.ostric lymph- 
ohlnstoma is usually con.sidered to he tlic 
more probable diagnosis, in view of the 
patient'.s age. .^s !McNeer® pointed out in 
his review, the roentgenologic evidence of 
carcinoma is ignored or not considered 
seriously because of the age of the patient. 


As a result of this tendency various forms 
of therapy are resorted to, often for many 
months before surgical intervention is 
undertaken. Because of this delay in treat- 
ment the prognosis of gastric carcinoma 
in youth is often permitted to become 
worse than for older age groups. 

Since the primary obstacle in making 
the diagnosis of carcinoma of the stomach 
in youth appears to be the patient’s age, 
an effort was made to discover from the 
literature what the statistical possibilities 
are that any gastric lesion occurring below 
the age of 31 is a carcinoma. There is very 
little evidence on this subject and one is 
surprised to find that there has been no 
parallel evaluation of the incidence of 
benign gastric ulcer and gastric carcinoma 
in youth (below the age of 31) in any large 
series of patients. Comfort and Butsch' 
found tiiat benign gastric ulcer in the 
third decade of life was 20 times more 
prevalent than was cancer. However, their 
figures were based on a small group of 
resected cases in wliich the lesion was 
4.4 cm. in diameter or less, and, ns the 
autliors point out, the figures do not rep- 
resent the actual total incidence of cither 
of tlie 2 discasc.s. Likewise, there has been 
no parallel study of the incidence of other 
gastric lesions such as lymphohl.'ustomn. 
benign gastric tumors and gastric lues 
with gastric carcinoma in youth in any 
large scrie.s of patients. As a result of our 
failure to find any such parallel data in 
the literature on cither the incidence of 
benign gastric ulcer or other gastric lesions. 
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such as lymphoblastoma and lues, in com- 
parison with gastric carcinoma in youth, 
we felt that the usual clinical dictum that 
a gastric lesion in a patient below the age 
of 31 is probably benign was not neces- 
sarily justified. 

In order to study this problem, a survey 
was made of the total incidence of gastric 
carcinoma at the University Hospital dur- 
ing a 20-year period (July 1, 1925 to June 


30, 1945). During this period there were 
453,400 registrations and during the same 
period 1913 instances of carcinoma of the 
stomach (an incidence of 0,42%), which 
means that in this institution 1 out of 
every 225 patients registering here has a 
carcinoma of the stomach. In Figure 1 
the age and sex distribution for all cases 
of carcinoma of the stomach are indicated. 
This general age and sex distribution is in 


AGE BY 
DECADES 



NUMBER OF CASES 


Fig, L— Incidence of carcinoma of the stomach during 20 year period by se.K and age (July 1, 1925 to 

June 30, 1945). 


close agreement with previously reported 
surveys.^'® Two points in these data seem 
to us of considerable interest. First of all, 
there is an absence of any case of carcin- 
oma of the stomach in any female patient 
over the age of SO. The second point, and 
more pertinent to our present studj" is the 
occurrence of 20 instances of carcinoma of 
the stomach in patients below the age of 
31. This is an incidence of 1.04% of 1913 
gastric carcinomas. This figure is in gen- 
eral agreement wth the 0.7 % incidence 
reported by McNeeri and the incidence of 
O.S % of Walters ct al.^ 

Since our primary interest was in the 
younger age group a detailed study was 
made of these 20 instances of carcinoma of 
the stomach. Table 1 shows the age and 
sex distribution for this group. Our young- 
est case was 16 years old, with 13 cases 
occurring at 25 years of age or older. 
There were 13 males to 17 females, or 
roughly 2 to 1. Figure 2 indicates the fre- 


Table 1.— Age and Sex Distbibution of 20 
Cases of Cabcino-ma of the Stomach in 
A'ceth 

Number 


.'\go 

M 

F 

16 . . 

. 1 


IS . . 

• « 

1 

21 . . 


1 

22 

2 


23 ! . 

. 1 


24 , . 

• • > 

1 

25 . . 


1 

26 . . 

. 2 


27 . . 

2 


28 


2 

29 , . 

2 


30 . . 

. 3 

1 


Total . . 13 


quency of symptoms in all 20 cases. Of 
particular significance was the fact that 
gastric distress or pain was a prominent 
and important symptom in 17 cases. Al- 
though this epigastric discomfort was 
usually somewhat different from that oc- 
curring in benign gastric ulcer, neverthe- 
less, its frequent occurrence as a promi- 
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PAIN 

WEAKNESS 

VOMITING 

ANOREXIA 

NAUSEA 

HEMATEMESIS 

DYSPNEA 

ASCITES 

BELCHING 

DYSPHAGIA 

FEVER 

ANKLE EDEMA 



Fig. 2. — Symptomatology- in 20 cases of carcinoma of the stomach below age of 31. 


nent symptom discouraged the clinical 
suspicion or diagnosis of neoplasm. The 
frequency of hematemesis (5 instances) 
had the same clinical significance, particu- 
larly in ^^e^v of the fact that in 3 instances 


hematemesis was the initial symptom. 
Other pertinent data in the entire series 
are grapliically represented in Figure 3. 
These data are those obtained at the time 
of the original e.xamination at the Uni- 


WEIGHT LOSS lbs. 

FAMILY HISTORY 
METASTASES 
NEOPLASM TYPE 
TUMOR MASS 
FREE ACID 
HEMOGLOBIN 

Fig. 3. — Pertinent data on 20 patients 30 years old and liclow with c.-ircinoma of the stomach. 
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versity Hospital and generally reveals the 
fact that at this time the di.scase was far- 
advanced. In fl instances {4 .t%) there was 
a palpable tumor mass, and in 17 cases 
(So 9c) metastasc.s were dcinoristrablc 
cither cUniealiy or at the time of operation. 
In fact, metastasc.s were so marked that 
definitive surgical tiierapy was considered 
fea.dble iuid carried out in only 3 cases. 
Fifteen other c.'i,-:es were subjected In an 
e.xploratory lajiarotomy and ineta-ita.Fes 
confirmed. In 2 instances metastasc.s were 
demonstrable by lymph node biopsy. In 5 
of the ca.'^es subjected to ga.'tric analysis 


free acid was present. Weight loss was 
significant in Ifi instances and definite 
anemia was present in 10 cases. Of great 
interest was the occurrence of a family 
history of gastric neoplasm in only -I 
patients (1.5%). This figure does not 
differ greatly from the incidence of 20% 
rcjiortetl by Walters.^ 

The delay in diagnosis and course of the 
<ii,-ease after the diagnosis was established 
is indicated in Figure 4. f)f great signifi- 
caiiec is the fact that in 5 case.s (25%) the 
diagiio.'i.s was not estabh’vhed miti! 10 to 
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24 montbs after the onset of symptoms. The average time for diagnosis after onset 
Actually, in all 5 cases included in the of symptoms for all cases was 11,5 months. 
19to 24 month period, the diagnosis was The time of death was kno^vn only in 14 
established at the upper limit of this cases and the average duration of life after 
period, 24 months after onset of symptoms, the onset of the initial symptoms in this 


NUMBER 

OF 

CASES 


INTERVALS 



TIME IN MONTHS 


Fia. 4. — Diagnostic and prognostic intervals in 20 cases of carcinoma of the stomach in youth. 


group was 17,4 months. In 1 instance 
death occurred within 3 months (Figure 4). 
The duration (average 5.3 months) of life 
after operation is not a criterion of the 
efficacy of surgical treatment in our series, 
since as pretdously indicated, metastases 
were present in S5 % at the time the patient 
was first e.xamined. In the 3 instances 
where definitive surgery was considered 
feasible and carried out, the postoperative 
dui'ation of life was 5, 15, and 23 months 
respectively. 


The delay in diagnosis in most cases w'as 
associated with two facts: (1) The failure 
of the patient to consult a physician early 
after the onset of symptoms and (2) the 
fact that because of the patient’s age, there 
was a tendency on the part of the physician 
not to diagnose neoplasm in spite of sug- 
gestive and even definite clinical and roent- 
genologic findings. Benign gastric ulcer 
was nearly uniformlj' considered a more 
likely diagnosis. In S of our 20 cases it 


Taulu 2. — Data or Patiknts With Initial Diagnosis of Peptic Ulcer 


Cas'C 

No. 

1 

Clitiiciil story 

Recurrent g.i.stric distress for 10 yc.irs. 
Tre.^tcd intermittently for ulcer. 

Initial Roentgen ray 
fiuclinga 

Negative 

Intervals from 
operation to death 

1 month 

2 

Ulcor-Iike symptoms for 5 years. Diag- 
nosis of peptic ulcer. 

Diagnostic of neoplasm 

2 week.s 

3 

lipigastric distress for 2 years. Treated 
for ulcer. 

Negative 

5 months 

4 

Diagnosis of gastric ulcer. Treated for 33 
months. 

Gastric ulcer, regress- 
ion, then recurrence 

0 months 

5 

Diagnosis of .aerophagia 0 years prior to 
di'covcrj' of neoplasm. Ulcer diagnosed 

4 years later. Relief by diet. 

Diagnostic of neoplasm 

23 months 

6 

Epig.astric distress for 2 years. Treated 
for peptic ulcer. 

DiagnO'tic of neoplasm 

2 months 

4 

.Vbdominal discomfort and cramping for 

5 years. Treated for ulcer 

Gastric ulcer 

Exact time of 
death unknown 

s 

Five year bistorj- of uleer tj-po of distress. 

Diagnostic of neoplasm 

5 months 
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was possible to demonstrate that the 
patient had consulted a physician soon 
after the onset of symptoms, but a diag- 
nosis of gastric ulcer was made and the 
patient treated medically. Data on these 
8 cases is summarized in Table 2, The 
initial Roentgen ray findings at the Uni- 
versity Hospital are indicated and it is of 


interest that 2 were negative, 2 were con- 
sidered diagnostic of benign gastric ulcers 
•and 4 were diagnostic of gastric neoplasm. 
Case 4 is of particular interest in that the 
original diagnosis Avas benign gastric ulcer 
March 8, 1938 (Figure 5). Partial healing 
seemed apparent on Roentgen ray within 
3 Aveeks. This partial healing aa'bs accepted 





uf trn'-tnV a-' (Mfirch S, 

r'),Tu::»U-r U. IC»S0 an'l rxifta-ta-zM (-TiprnMavifnitar node) 
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as definite evidence of benignity of the 
lesion and there was no further follow-up 
until recurrence of symptoms in December, 
1940. At this time (Dec. 12, 1940) the 
roentgenologist first suggested the diag- 
nosis of gastric neoplasm. In view of the 
patient’s age the clinician ignored this sug- 
gestion and continued medical therapy 
until June 20, 1941, when definite metas- 
tasis was present. Death occurred 9 
months later. It is not pertinent to this 
report to discuss whether or not this was 
an instance of malignant degeneration of 
a benign ulcer or whether this ulcer was 
throughout its course a malignant ulcer. 
However, two points are worthy of empha- 
sis. First, because of the false security 


that the patient’s age gave the clinician, 
the patient was not followed as closely 
as indicated. Secondly, because of the 
patient’s age the occurrence, of a gastric 
ulcer which did not remain healed did not 
appear to be an indication for surgical 
intervention as would have been the case 
in an older patient. 

In view of this general tendency to con- 
sider that gastric lesions in youth are more 
likely to be benign than malignant, a sur- 
vey was made of all gastric lesions that 
had occurred in individuals below the age 
of 31 during the same 20-year-period. Re- 
sults are shonm in Figure 6. There was a 
total of 73 gastric lesions in this age group. 
Fifty of these were benign ulcers, 20 were 



TOTAL - 73 CASES 


GASTRIC ULCER 50 

GASTRIC CARCINOMA 20 

GASTRIC LYMPHOBLASTOMA 2 

GASTRIC LUES - 1 


Fig. 6.~Incidencc of nil gastric lesions in patients under 31 years of age during 20 year period. 


carcinomas, 2 were lymphoWastomas and 
1 was gastric lues. This indicates that in 
this age group, although gastric lesions arc 
rare, when one does occur there is appro.xi- 
mately a 30% chance that it is a carcin- 
oma. If one includes the 2 cases of 
primary gastric lymphoblastoma, the 
chances that a gastric lesion occurring 
below the age of 31 is neoplastic are even 
more impressive. 

Summary and Conclusions. 1. A sur- 
vey of the occurrence of carcinoma of the 
stomach during a 20 year period (July 1. 
1925, to June 30, 1915), at the University 
Hospital revealed that there were 1913 
carcinomas out of a total of 453.400 regis- 
trations. This is an incidence of 0.42 %. 


2. Of the 1913 carcinomas during this 
same period, 20 (l-f%) occurred in 
patients below the age of 31. Of these 20 
cases, 17 iiad metastases when first ex- 
amined, and the diagnosis of carcinoma 
was usually delayed because benign gastric 
ulcer was generally considered the more 
likely diagnosis in view of the patient's age. 

3. During the same 20 year period 53 
other gastric lesions (50 benign gastric 
ulcers, 2 gastric lymphoblastomas, 1 gastric 
lues) occurred in the same age group. 

4. These figures demonstrate that all 
gastric lesions are rare in patients below 
the age of 31, but once a gastric lesion 
does occur the probability that it is neo- 
plastic is at least 30%. 
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INTEHNIST AT THE MUNICIPAIi H08P1TA1. “'ENGELENBERG” FOUNDATION, KAMPEN, HOEEAND 

AND 

J. Dhont, M.D. 

INTERNIST AT ZWOELE, HOLEAND 


I, All vvultiplc myelomas are plasmacyto- 
mas. In the Netherlands Medical Journals 
articles dealing with the above-mentioned 
subjects have repeatedly appeared during 
the last few years. None of the authors of 
these articles, however, has ventured defi- 
nitely to side with those modern views 
which are beginning to gain ground, and 
which enable us to survey this field of 
study, formerly of a most confused nature, 
from one central point of view. 

We are now in possession of sufficient 
facts and arguments to justify us in pro- 
visionally adopting the system to be de- 
scribed herein, considering afterwards 
those cases which do not fit in with this 
system. No such e.xceptional case, how- 
ever, has so far come to our notice, al- 
though Apitz sharply defined the modern 
conception as early as 1939 and 1940.^'“>’ 
We have seen new cases of plasmocyto- 
mas within a brief period of time, and one 
of us, togetlier with Van Dam® described 
a case of paramyloidosis (primary amyloid- 
osis) some years ago that may also be 
classed with the same group. The clinical 
data of these cases are given below in the 
form of tables. It may be gathered from 
these data tliat, in tliese patients, the 
classical phenomena of multiple myelomas 
— pains, curvatures, spontaneous frac- 
tures, holes in the skiagrams of the bones 
—were often not predominant. 

jMauy different kinds of multiple myelo- 
mas used to be recognized. It was thought 
that jiny cell occurring in the bone marrow 
might give rise to a given kind of myeloma. 
This conception was mainly based upon an 
erroneous interpretation of histologic prep- 
aration, which did not allow of more re- 
fined cellular diagnosis. The difficulty 
exjicricuccd formerly is shown clearly in 


Reisberraan’s case;^^ in the sternal punc- 
ture he found 5S6 plasma cells per 1000; 
but in the histological sections of the 
spinal marrow no plasma cells could be 
discovered. 

Ever since sternal puncture was intro- 
duced into diagnostics, and since, there- 
foi’e, hematologic differentiation of the var- 
ious forms of cells has become possible, no 
further communications concerning all 
these different forms have appeared, and 
only one form of m3"eloma has been de- 
scribed, i. e., the plasmocytoma. 

As long ago as 1936, Patek and Castle*® 
replaced the name myeloma by that of 
plasmoc.ytoma. The.v pointed out that, 
betu^een the different forms of plasma cell 
tumors, there e.vists a relation similar to 
that between the different forms of Ijunph- 
ocj’tic grovThs (l^^mphocjffoma, Ij'^mpho- 
sarcomatosis, Ij^mphatic leukemia). 

Rohr^^ sa,ys that the typical mj'eloraa is 
built up from plasma cellular reticulum 
cells, which he means that these plasma 
cells are originated from reticulum cells, 
which point has no further bearing on our 
problem. The reticulum cell as understood 
bj' hematologists is something different 
from the conception which tlie pathologist- 
anatomist has of it. 

.‘\pitz drew up an easil.v sur\*e\'able 
schematic representation, which is here 
reproduced (Fig. 1): 

1. The locally* increased plasma cell 
exists onl\' hj-pothetically. 

2. It is not certain whether or not the 
solitari- plasmocytoma can occur without 
diffuse increased plasma cell formation. In 
an\* case sternal puncture should he per- 
formed before procerdmg to operation. 

3. Diffuse plasmocytosis w.as, and still 
is, generally misconceived, and called 
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PRIMARC CIRCUMSCRIBED DIFFUSE MULTIPLE 

PLAStJlA-CELL FORMATION PLASMCCYTOSIS PLASMOCYTOMAS 



solitary LEUKAEMIC 

PLASMOCYTOMA PLASMOCYTOSIS 


Fig. 1. — Illustrating the interrelation between the dilTcrent clinical types of plasmocytosis. 


either osteoporosis or senile osteoporosis. 

With the aid of sternal puncture these 
diffuse plasmocytoses may be recognized. 
Pathologic anatomists can safeguard them- 
selves from drawing erroneous conclusions 
by making slide preparations from patients 
with osteoporosis, thus enabling the hem- 
atologic diagnosis to be made. The re- 
sults of such an examination in one of our 
cases are described later on. Nacgeli 
points out that slide preparations should 
be made as soon as possible after death. 

In diffuse plasmocytosis no more than 
1 to 3*^; plasma cells arc generally found 
in the peripheral blood; they may be 
compared to aleukemic leukemias. They 
may also turn leukemic (piitc suddenly, 
altliough no more than .')0,000 plasma cells 
per e.min. are usually found, whereas, in 
common leukemia, much higher figures are 
reached. This is a variety of leukemia with 
".stay-at-hoine” cells. In these leukemias, 
too, one frequently finds circumscribed 
tumors in the bones.' It is no longer of 
great .significance whether in these eases 
we speak of plasma cell leukemia <)r of 
plasmoeytoma. 

•1. Multiple plasmocytomas an- a h)ng 
known form of tmiltiple myflom;i>. They 
mav be clearly ;-rcn on Hoi-ntcen jdioto-. 


resembling moth-holes. It is important for 
the diagnosis that, between the tumors, a 
diffuse plasma cell formation is said to be 
found in every case; it is not, therefore, 
absolutely necessary to strike the tumor 
itself wlien performing sternal puncture. 
When considerable plasma cell formation 
is found, especially with atypical and poly- 
nuclear plasma cells, one may safelj^ diag- 
nose plasmoeytoma, remembering that, 
in such conditions as kala azar, lympho- 
granuloma inguinale and agranulocytosis 
increased plasma cell formation also oc- 
curs. It is not necessary, therefore— as 
^lanscns would have one do”'" — to cut up 
a corjise millimeter by millimeter so as to 
exclude the possibility of a single plastno- 
cytoma. 

An hour and a half after the decease of 
our patient I, we made slide preparation.^ 
from freshly-cut pieces of tissue from the 
bone marrow, the liver, the .spleen, and the 
lung.s. In all these stainerl preparations we 
were able to find plasma cells in very large 
numbers. Mills and Pritchard ilid the 
same with a piec<' of bone obtaincfi by tn- 
paiming.*’ Jin the slides from the l»c)ne 
marrow and the spleen we hardly found 
.any other cell-. They have a round nueleus 
with a di-tinct nuclefilus. '1 he nuelt-u- lie- 
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eccentrically, in a blue, slightly granulated 
protoplasm, with a lighter-colored area 
around the nucleus. In fairly large parts 
we found only naked nuclei. The proto- 
plasm appeared to have run for the greater 
part, as the intermediary substance showed 
tlie same color as the protoplasm of the 
plasma cells. 

This technique of staining cells shortly 
after death enables the pathologist-anato- 
mist to come to a far more exact diagnosis 
than the customary pathologic-anatomic 
section preparations. 

II. Protein metabolism disturbances in 
cases of plasmocytoma. Bence-Jones pro- 
tein is to be distinguished as is well known, 
from the common variety of albumin in 
cases of albuminuria in that it precipitates 
at a temperature of 40° to 60° C., it dis- 
solves completely when boiled, and on 
cooling below 60° reappears. When, in 
addition to Bence-Jones protein, there is 
also albumin of another kind present in 
the urine, the latter may be precipitated 
by boiling after adding a few drops of 
acetic acid. The boiling urine should be 
filtered immediately. When the clear fil- 
trate cools down to 65° C., it becomes 
cloudy through the reappearance of Bence- 
Jones protein, which cloudiness disappears 
on re-boiling, etc. 

Snapper succeeded in demonstrating the 
presence of Bence-Jones protein very well 
indeed by adding one-tenth of the volume 
20% sulphosalicj’lic acid before boiling, 
Schalm,-® however, points out that, by this 
method, the reaction turns out positiA’e in 
a large number of cases of albuminuria; it 
is probable, therefore, tliat the Bence- 
Jones albumin is formed during boiling 
with sulphosalicylic acid, so that in this 
way tlie reaction loses its diagnostic value. 

The Bence-Jones protein sooner or later 
begins to precipitate in the renal tubules; 
it forms cylinders whicli may block up the 
nephrons and tend to set up intrarenal 
hydronephrosis. Wlien many nephrons 
have been eliminated in this way the 
patient dies from uremia. 

In from 65 to S0% of sufTerers from 
plasmocytoma Bence-.Toncs protein is 


found in the urine. Apitz is of the opinion 
that it is formed by the plasmoc^’toma 
cells. Then it does not occur unless the 
patient is suffering from a plasraoc;^'toma ! 
The general opinion used to be very differ- 
ent; Bence-Jones albumin has been de- 
scribed in cases of patients with all pos- 
sible kinds of bone diseases, fractures, shot 
wounds, in leukemias, nephroses, etc. We 
are probably justified now in assuming 
that, in all cases, one Of the forms (gen- 
erally the diffuse form) of plasmoc^’toma 
has been either disregarded or misunder- 
stood. None of the descriptions previously 
given of such cases can stand Apitz’s 
criticism, and no fresh cases have been 
described in later years. 

The work done by Meyler'”-’® is not re- 
ferred to by Apitz; yet it should not be 
passed over without comment. Meyler 
was able to demonstrate the presence of 
Bence-Jones protein in e.xtracts of normal 
bone marrow, of pus from empyemas, and 
in extracts from the cells of a lymphatic 
leukemia. It is open to question, however, 
whether the Bence-Jones protein, in these 
cases, was not created by denaturation 
from normal protein. 

Ellinger (1889), whose method was fol- 
lowed by Meyler, was already of the 
opinion that, after extraction with alcohol 
for 14 hours, all proteins except the Bence- 
Jones protein had been denatured. Meyler 
himself, for that matter, is fairh-^ critical 
on tliis point; he condemns boiling with 
sulphosalicylic acid, because, in that way, 
Bence-Jones protein can be made out of 
all animal proteins. 

Even though Bence-Jones protein has 
been shown to be present in normal mar- 
row the possibility still exists that it is 
extracted from the plasma cells occurring 
in the marrow, which appears to be con- 
firmed by the fact that it is present in 
exceedingly small quantities only. !Meyler 
is of the opinion that Bence-Jones protein 
can be e.xtracted from lymphocytes; in this 
case, however, it is incomprehensible that 
he did not succeed in demonstrating its 
presence in the spleen. If he succeeds in 
doing po only in the lymphatic leukemia 
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cells, then the possibility of any confusion 
with plasma cell leukemia — which is some- 
times hard to identify — must be excluded. 
As far as we are aware, his followers, at 
any rate Van Melle and Cornells,** have 
not succeeded in demonstrating the pres- 
ence of Bence-Jones albumin in cases of 
leukemia. The fact that Meyler found 
Bence-Jones protein in a patient whose 
knee had been smashed is no evidence 
either way. A sufferer from plasmocytoma, 
too, may get a smashed knee, and even 
more easily than anybody else! At this 
time hleyler’s investigations have largely 
lost their weight as arguments against the 
plasma-cell theory. 

Paramyloid. Primary amyloid is not 
similar in distribution to ordinary' secon- 
dary amyloid, i. e., in patients suffering 
from chronic suppuration conditions or 
tuberculosis. It does not occur in the 
parenchymatous organs (liver, spleen, kid- 
neys), but by preference in the walls of the 
blood vessels, unless it accumulates arbi- 
trarily in some organ such as the heart, 
the stomach, the trachea or the lung. 
Further, paramyloid shows some differ- 
ences in coloring from secondary amyloid. 
Apitz takes the view that paramyloid is 
connected with the presence of one of the 
forms of plasmocytoma. It is also found 
deposited in the plasmocytoma tissue. 
Patients suffering from paramyloido.sis 
often have Bcncc-,Tones protein in their 
urine. Cylinders of both Bcncc-Tones pro- 
tein and paramyloid are cleared away by 
foreign bo<ly giant cells. 

With paramyloid the story is like that 
with Bence-Tones protein. As the occur- 
rence of diffuse plasmocytoiuas failed to 
have the attention of invc.stigator.s, they 
were ignored; no microscopic exatnination 
of the vertebrse was made, and, moreover, 
microscopic examination of sections was 
inadequate, so that one contented oneself 
with the diagnosis “osteoporosis,” or 
“bone marrow rich in cells. ” In IfllO, 
Van Dam and Kolff (U-scribcfl a ease of 
prirmiry amyloiilo^i' with marketl osteo- 
jKiro-is of th'- vertebral column. Apitz’s 
publication suggi'-tisi to us that we were 


dealing with a diffuse plasmocytoma, but 
as unfortunately, the preparations were no 
longer available, the investigation could 
not be continued. 

Mansens lent good support to the plas- 
mocytoma theory by demonstrating the 
presence of large numbers of plasma-cells 
in sufferers from secondary amyloid, either 
in the diseased organs or in the bone niar- 
mor. In Roegholt-* and Straub’s case, 
however — that of a woman suffering from 
primary amyloidosis of the tongue— Man- 
sens was unable to find plasmocytoma. In 
the description of the sternal puncture we 
read: “double the number of plasma cells 
and reticulum cells, among which were 
many large cells with large nuclei, as well 
as cells with 2 or 3 nuclei.” On seeing the 
preparation one hesitates to make the di- 
agnosis of plasmocytoma; in any event, if 
this diagnosis is even con sidered, this case 
is not of any importance in undermining 
Apitz’s hypothesis. 

According to Letterer,**'** amyloid pre- 
cipitates in the body when there exists a 
disproportion between a large quantity of a 
certain antigen, broken-down body pro- 
tein ("eingeschmolzenes Korpercigcncs 
Eiweiss”), and too small a quantity of 
antibodies. Only Lettercr’s view, that this 
antigen is probably created by leukocytes, 
should be revised; it must be the patho- 
logic protein products of the plasma cells 
which serve as antigen. 

Ilyjxrprotcinnnia. A very high globu- 
lin content of the blood is found in many 
patients with plasmocytomas. It is prob- 
able that in such cases we arc not dealing 
with any raised glolmlin content, but an 
accumulation of pathologic globulin (para- 
protein) in the blood (Bondsdorff). 

IntrarrUuhir nrrumvlation of profi'in. In 
the plasmocytoma cells ami in the cells of 
the convohitefl tubnlc.s the j)rcsencc of 
aecuniulations of protein or cryst.'ils nmy 
sometimes be demonstrated. .As regards 
colorability, these protein j)reeipitafes 
evince a strong resemblance tf) Ilenee- 
Join-s protein ami to jiaramylfiid. 'Ibey 
strongly imlieate the j)robability that thi^ 
protein is ff)rmed in the plasmoeytotna 
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cells. Very good pictures are given by 
Apitz and Brass.^ The latter’s supposition, 
that these albuminoid formations are actu- 
ally body proteins resorbed into the plas- 
mocytoma cells, is both incomprehensible 
and insufficiently founded. 

Apitz points to the many properties 
which the above-mentioned proteins have 
in common, and proposes to call them 
“paraproteins.” 

The paraproteins constitute a group of 
closely kindred pathologic protein occur- 
ring in plasmocytoma; they readily pre- 
cipitate, are crystallized fairly readily, and 
may all be colored with congo-red. The 
paraproteinoses, therefore, are a group of 
diseases of the protein metabolism occur- 
ring exclusively in cases of plasmocytoma; 


Apitz speaks of “2)araprotc{miria” (Bence- 
Jones proteinuria); “paramyloidosis;” 
“paraproteinemia,” and intracelhdar ac- 
cimnlations of “paraprotein.” One might 
wonder if any conclusions could be drawn, 
with respect to the origin of normal serum 
protein from the pathologic protein forma- 
tion described above. In normal plasma 
cells, too, enclosures and crystals of pro- 
tein are to be found. In cases of trachoma, 
indeed, paramyloid might be formed 
locally by inflammatory plasma cells; we 
already have pointed to Mansen’s investi- 
gations. Normal serum protein may per- 
haps be formed by normal plasma cells. 
The pathologic plasma cells of the plasmo- 
cytoma are the formers of paraprotein. 
Those cells which morphologically differ 


Table 1 Clinical, and Pathologic Data op 4 Cases of Plasmoc\toma 

Name, Se.^ and Age 


Van den B. 
M., SO JTS. 


Post 

M., 67 yrs. 


V. 0. 


At., S3 JTS. 


D. V. 
M., 5S JTS. 


Anamnesis and course of disease 12 recurring pneumonias Abdominal pain ivilh Anemia; backache 

and slight bleeding constipation; C wks. 

from nose and gums; backache 

no bone sjTnptoins 


For 1 j JTS. severe back- 
ache, graduallj' in- 
creasing in Eovcritj’; 
emaciated; vomiting 
since 5 vrlis. ago 


Objeotivo findings 


Pneumonia; no furtlicr 
abnormalitj’ 


Slight kj'phosis; pres- Anemia only 
sure on vertebral col- 
umn painful 


Vertebra and other 
bones extremeij' pain- 
ful on pressure; amj'- 
loidosis of smaller 
arteries, cspcciallj' in 
head 


Hemoglobin, etc. 


Bono raarroiv function . . . 


Hb., 33%; Cl, 1; lets., 
3000 to 0000; plasma 
cells, 1%; IjTnpho- 
cjlcs, Sl%; tlmombo- 
cytes, 21,000 

Many pathologic plas- 
ma cells 


Hb., 70%; lets., 7300; 
plasma colb, 0%; 
Ij-mphocj-tcs, 18% 


Manj’ pathologic plas- 
ma cells 


Hb.. 23%; lets., 5200; 
thrombocytes, 63,800 


Manj' pathologic plas- 
ma cells 


Hb., C0%; Cl, 1; 
lets., 0200; plasma 
cells, 0 %; lympho- 
cytes, 22% 

TMarrow rich in cells 
on autopsy 


Frj-throcyte sedimentation rate 
and globulin content . . . 


Scd. rate, 150 to 16.5; 
globulin, 12%, 


Sod. rate, OS to 133; Scd. rate, 63 to 135; Sed. rate, 73; glolnilin 
globulin, S.5% globulin, 4.36% 2.1 %c 


Bence-Jones albumin in urine 


+4" 


Alfcmatcly + and — Xegative 


Probably positive 


Other urine abnormalities 


Alb., 3.5%; ciythro- Sporadic crjihrocj'lcs 
cj'tes and leukocj'tes 


.■Mbumin 


Albumin, 5% 


Hoentgcn, o-seoiis sjTtcm 


Cau'c of death 


Mi'ccllaneou' 


Diffuse osteoporosis of 
vertebral column and 
round holes in tulnikar 
hones and peUds 

Uremia 


.\uto-ngg!uti.':3tion of 
erj-throcytes in Hay- 
em's fluid: at autepn-: 
plasma celb in intcr- 
sml organs 


Only diilu-'c osteoporo- 
sis of entire vertebral 
column 

Pneumonia 


Osteoporosis of verte- 
bral column and pel- 
vis 


Died at home 6 mos. 
after admi'don 

Spinal fluid; total albu- 
min 64 mg. % (norm, 
IS to 24): out of this 
globulin, 45 cells j; 
P.-rndy slightly -~ 


Ostcoporo'is of verte- 
bral column and pel- 
vis irith fish vertebra 
.md infractions 

Caehevia 


Paramjdoid'iri-' of art- 
ery walls and stomach 
wall 
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only little from normal plasma cells (e. g., 
the cells of plasma cell leukemia) would 
not tend to give rise so frequently to the 
occurrence of paraproteinoses (Bence- 
Jones proteins, etc.). It will be interesting 
in the future to see whether a given mor- 
phologic type of plasma cell induces a 
given type of paraproteinosis. 

Summary. A new concept of plasma- 
cytosis has evolved during recent years. 


integrating the various elinical forms of 
this disease. IMiether there is focal, dif- 
fuse, or leukemic plasmocytosis, sternal 
puncture will reveal a general increase in 
plasma cells and is usually diagnostic. 
Illustrative cases are reported. The pro- 
duction of Bence-Jones proteinuria, hypcr- 
globulinemia, and primary amyloidosis 
are discussed in the light of present knowl- 
edge. 
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For many years we have been studying 
various sjmthetic substances and natural 
products to determine whether or not they 
induce blood regeneration in various types 
of anemia. During the course of our obser- 
vations we have noted that a number of 
chemical substances stimulated hemopoie- 
sis in persons with Addisonian pernicious 
anemia, nutritional macrocytic anemia 
and the macrocytic anemia of sprue. One 
of these, thymine (5-methyl uracil), is a 
pyrimidine base and is a constituent of 
thymonucleic acid.'* After finding thymine 
effective, we turned our attention to 
adenine, which also occurs in thymonucleic 
acid as the base of a nucleotide. It is a 
purine base, 6-amino purine, as seen in 
the chemical formula shown in Figure 1. 

N===C NH- 


HC C NH 

I I 

N c N^ 

Fig. 1.— .Adcnino. 

Adenine is widely distributed in plant 
and animal tissues. As a component of 
thymonucleic acid, it enters into the 
structure of the nuclei of all animal celis.- 
It is otherAvise present in the body in the 
free state and as nuclcotide.s which, to 
some extent, are eonstituents of enzymes 
and co-enzymes. Two of them, co- 
enzymes I and IT. are p\Tidine nucleotides 
whicli apparently are formed Ijy living 
cells from a combination of nicotinamide, 


ribose, adenylic acid and phosphoric acid.® 
The concentration of these co-enzymes in 
the blood and striated muscles decreases 
in the pellagrin, and treatment with nico- 
tinamide restores it to normal levels.^ 
Spies and his associates also have shown 
that the administration of co-enzyme I 
relieves pellagra.® 

Recently Raska reported that black- 
tongue in dogs developed within 7 to 21 
days folloAving the administration of from 
200 to 500 mg. of adenine daily.® He 
believes that this occurred as a result of 
adenine combining with constituents of 
the vitamins or their precursors, thus pre- 
venting their utilization in the animal. 
He refers specificallj’’ to the possibility of 
an interference with the formation and 
activation of allo.xin adenine dinucleotides, 
of the phosphopyridine dinucleotides (co- 
enzymes I and II) and of the nucleo- 
proteins. 

In view of these findings it seemed 
worthwhile to report our observations on 
the effect of the oral administration of 
adenine to human beings. After admini.s- 
tering from 5 to 50 mg. each day for from 
4 to 10 days to each of several persons 
with macrocytic anemia in relapse and 
observing neither toxic manifestations nor 
blood regeneration, we administered it in 
larger doses to a patient with Addisonian 
pernicious anemia in relapse whose case 
history follows: 

C.\sE 1. The p.'itient, J. D., a 67 j-ear old, 
married, colored bricklayer, was admitted to 
the hospital on July 20, 1946 because of 
sATnptonis related to pernicious anemia in 
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relapse. He had been hospitalized -on 3 
preHous occasions, once for an inguinal 
herniorrhaphy in 1945, and twice (Septem- 
ber, 1944 and September, 1945) for the treat- 
ment of anemia. At the time of his first 
admission, he complained of progressive 
weakness, dyspnea on e.xertion, slight sore- 
ness of the tongue, vague abdominal distress 
and loss of weight which had begun 9 months 
preraously. He had achlorhydria and 
achylia after histamine stimulation, and a 
macrocytic anemia with maturation arrest 
of the bone marrow cells at the megaloblast 
earl 3 ’-erj’throblast level which responded 
well to refined liver extract. 

Mfiien he stopped maintenance therapj% 
his anemia relapsed and he was readmitted 
to the hospital for treatment in September, 
1945. At that time synthetic folic acid in 
doses of 50 mg. twice a da\’ was effective in 
producing blood regeneration and normal 
blood values. Freedom from symptoms con- 
tinued until he again stopped maintenance 
therapy in April, 194G. From that time 
until his admis.sion to the hospital in July, 
1940, there was a recurrence of the following 
symptoms: general weakness, dyspnea on 
exertion, slight soreness of the tongue, 
anorexia and pare.sthcsia of the lower extrem- 
ities, On ndmis.sion he appeared rather weak 
but he was alert mcntalh' and was in no 
apparent distress while at rest. The con- 
junctiva; and buccal mucosa were pale; the 
sclera was cloud;- but not icteric; the optic 
fundi were normal; there was slight redness 
at the tip of the tongue and the papillre 
goncrali;- appeared hypotrophic; a sj’stolic 
murmur was audible over the apex of the 
heart and blood prcs.surc was 1.50/80 mm. 
llg.; radi.al arteries were moderately firm; 
and the lungs ;verc clear and the abdomen 
negative. The knee and ankle jerks ;vere 
bypoactive and vil)ratory sensation was im- 
pairwi at the knees and ankles. 

The initial blood counts were; KRC l.SG 
million, WBC 43.50, Ilg. 7.0 gm. (4.59;;), 
Reticulocytes O.G':;, ?CV 22';;, MCV 118- 
Rtooti XI’X 23; Kahn negative; icteric in- 
der lO; glijeo-e fole.mncc tc=t norm.a! curve; 
stool negative; ga'tro-inte-tinal .scries neg- 
ative; ga'-tric anah'sis— acblorln-dria after 
hist.arnine stinnd.ation. Urinaly.-'!= showed 
sjv’.'ific gravity 1 .njfl, arid reaction, albumin 
and s'lgar negative and uiicro-cnjiic exami- 
nation negative. 


Three daj's after admission to the hospital 
on Julj- 29, 1946, 2-j gm. of adenine hydro- 
chloride* t;;-ice a day orally ;vas started. 
Three daj'S later he complained of anorexia 
and slight nausea, and 5 days later of slight 
dizziness and a bad taste in his mouth. 
Meanwhile there were no significant changes 
noted pln-sicall}-, and he spent considerable 
time up and about the ward. During the 
night of the 6th day of adenine therapy, the 
patient in the ne.xt bed reported that this 
patient (J. D.) had a verj- restless night, 
“talked out of his head,” vomited, passed a 
stool in the bath tub and complained that 
he had trouble thinking and talking. The 
following morning he appeared verj- appre- 
hensive and restless and was unable to talk 
clearly but he seemed fully conscio\is and 
attempted to cooperate. The physical find- 
ings were as follQ;vs: 

His eyes at times deviated involuntarily 
but the pupillarj- reaction and fundi were 
normal. The tongue was pink at the tip and 
edges but did not dex-iafe xvhen protruded 
and was not tremulous. Tiie lungs were clear. 
The heart rate ;vas 112, the rhythm normal 
and the blood pressure 170/110. Xcurological 
examination showed mild rhythmic muscle 
group contractions invoh-ing chiefly thosp of 
the forearms and those of mastication; 
muscle tone gcnerallj- seemed somcwliat in- 
creased; hoxvcvcr, when an extremitj' was 
placed at full rest, considerable relaxation 
could be obtained; the knee jerks and ankle 
jerks were slightly- more active than on 
admission but ;verc still normal. Xo al;- 
normal reflexes xvere obtained. (The adenine 
;vas discontinued — the total dose given was 
32.0 gm.) A urine specimen at this time 
showed: pH 7.5; specific graviU- 1.010; 
albumin trace; .sugar negative; no RUG or 
WBC; sediment thick with amorphous ma- 
terial. The blood XPX had risen from 2.3 
mg. per 100 cc. before adenine ;vas started 
to 1.35 mg. per 100 cc. 

During the next 24 hours he became ;vorse. 
AUbough consciou.K, he ;vas unable to sjieak; 
moderately severe clonic conxailsive .‘^^eiznres 
involving chiefl;- the ujiijcr extrernities, cer- 
vical, shoulder prdle and abdominal mu“c!fs 
rcfpiircd sodium luminal therapy; the reflexe- 
remained jdiysioloKic; and the blood pre-'Ure 
contin\ied elevated. There \vere no phy.-ie.al 
of incr('a''ed fntraerani.al [)rc*‘'-ure an^i 
r;o meningeal .eign=. Tliere were at no time 
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any signs of hemorrhage or ulceration of the 
eyes, buccal mucosa, skin, gastro-intestinal 
or genito-urinary tracts; there were no signs 
of dermatitis and no clinical evidence of 
acidosis. The mild degree of glossitis present 
on admission was not altered. Urine speci- 
mens contained from a few to many white 
blood cells, hyaline casts, and much amor- 
phous material and some crystals thought to 
be uric acid. The blood 'NPN reached a 
peak of 175 mg. per 100 cc.; blood uric acid 
9.8 mg. per 100 cc.; the blood COj combining 
power 63 vol. per 100 cc. The spinal fluid 
was normal and the blood Wassermann 
negative. His temperature rose from 99° F. 
during the first 24 hours of symptoms to 
101° F. where it remained for a period of 48 
hours. About 72 hours after the onset of the 
previously mentioned symptoms, he began 
to improve, first with subsidence of the con- 
vulsive phenomena and then of the dysar- 
thria or motor aphasia. Within another 24 
hour period, his blood pressure had dropped 
to 125/75 mm. Hg., he talked without any 
difficulty and muscle tone was entirely nor- 
mal. He did not appear as alert mentallj’’ as 
he did prior to adenine therapy but he was 
coherent and oriented. He did not rememder 
what had taken place during the preceding 
days. 

Five days after toxic symptoms appeared, 
the blood NPN had dropped to 152 mg. per 
100 cc. and 4 days later to 90 mg. per 100 cc. 
It continued to fall to 38 mg. per 100 cc. 30 
days after symptoms began. During the 
first 15 daj^s, the urine specimens contained 
from a few to many white blood cells, h 3 ’-aline 
casts, large quantities of amorphous material 
and some uric acid crystals. Within 10 daj's 
tests for albumin were negatiA^e. The highest 
specific gravity recorded was 1.011. 

After adenine was discontinued, therapj' 
consisted of 2 transfusions, intravenous saline 
and glucose solutions, sodium luminal to con- 
trol the con\'ulsiA’e phenomena, and folic 
acid 10 mg. intramuscularl}'. Eight daj'-s 
after folic acid was started, the rcticulocj'te 
count was 5 % but a peak count of 15.2% 
was not obtained until the 14th daj- of 
therapj’. The white blood cell count re- 
mained below 5000 until the 11th da.v of 
folic acid therapj' when it was 10,900; it 
remained around this level for 3 da^'s. The 
red blood cell count and hemoglobin in- 
creased very slowly to 2.71 million and 10.1 


gm., respectiveljq 7 weeks after folic acid 
therap 3 '^ was started. 

During the 10 month period following his 
discharge from the hospital, he had no recur- 
rence of symptoms and signs. The highest 
blood pressure recorded was 150/80 mm. 
Hg.; the blood NPN ranged from 32 to 38 
mg. per 100 cc.; the urinalyses were negative 
for albumin, WBC and RBC, but the highest 
specific gravit 3 ’' was 1.017. No abnormal e 3 'e 
ground changes or signs of cardiovascular 
disease, other than firmness and beading of 
radial arteries, were noted. No evidence of 
residual central nervous system disturbance 
could be detected. Fourteen weeks after 
folic acid therap 3 ’- was begun, his blood 
counts were: RBC 4.29 million, Hg. 14.1 
gm (92%) and WBC 6400. 

Summary of the Case. A 67 3 ’^ear old 
colored man who has pernicious anemia 
that responded at one time to liver extract 
and at another time to folic acid w'as given 
2| gm. of adenine h 3 'drochloride the first 
da 3 '’ of therapy and was given 2^ gm. twice 
a day each of the succeeding 6 days (a 
total of 32.5 gm.). Evidence of toxicit}' 
3 vhich began on about the 5th da 3 ’ of 
therap 3 ' consisted of a bad taste in his 
mouth, anorexia, mental confusion, emesis 
one time, aphasia, clonic convulsive seiz- 
ures, transient oliguria, elevation of blood 
pressure, elevated blood NPN and uric 
acid and abnormal urinar 3 ’’ findings. Pro- 
gressive improvement began within 72 to 
96 hours after adenine was discontinued 
and he was given therap 3 ' consisting of 2 
transfusions, intravenous saline and glu- 
cose solutions, sodium luminal and folic 
acid. 

Comment and Conclusions. Following 
the ingestion of large doses of adenine, a 
patient with Addisonian pernicious anemia 
in relapse developed uremia. Neither 
blood regeneration nor any evidence of 
pellagra developed. The.^e findings are of 
interest in that they show clearly that 
acute toxic .symptoms ari.'^c following large 
doses of adenine hydrochloride and that 
no hemopoietic effect was observed. Under 
the conditions of this study and with 
recognition of the limitations of a .•single 
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case study, it may be stated that the find- hut they do support his observation tiiat 
inp do not support Raska’s contention animals develop nitrogen retention follow- 
that adenine produces blacktongue in dogs ing adenine administration. 
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The use of human blood stored in blood 
banks has almost completely replaced the 
use of fresh citrated blood or direct whole 
blood transfusions in the average general 
hospital today. From in vitro studies of 
"stored blood,” many int^estigators have 
reported results which show it to be defi- 
cient in prothrombin.^^ The purpose of 
this investigation is to determine the 
degree of prothrombin deficiency found in 
“stored” human blood. We have under- 
taken a study on 50 different samples of 
stored human blood. It is found to be 
adequate in prothrombin activity upwards 
of 5 to 7 daj's. 

The toxic manifestations apt to follow 
the clinical use of the anticoagulants 
heparin and dicoumarol, require special 
forms of treatment. The minor bleeding 
tendencies such as hematuria, ecchymosis 
and epistaxis can readily be controlled by 
discontinuing the drugs. If this fails, or 
when the bleeding is due to heparin over- 
dosage, protamine may be given intra- 
venously.® When dicoumarol is the toxic 
factor, vitamin K in massive doses (60 to 
72 mg.) may be given intravenously. How- 
ever, gross hemorrhage, and in particular 
that associated Yvith shock and hepatorenal 
failure, will not respond to these measures. 
Dicoumarol hypoprothrombinemia under 
these conditions is progressive and severe. 
This situation demands tlie replacement of 
whole blood which should contain the nor- 
mal amount of prothrombin. A jiimilar 
problem exists in cases of hypoprothrom- 
binemia of hepatocellular origin unrespon- 
sive to vitamin K, 


In reviewing the literature on the activ- 
ity of prothrombin in “stored” or “banked 
blood,” we have found varying opinions 
as to the content of protlirombin remain- 
ing; tliat is to say, the rate of prothrombin 
conversion at various periods of storage. 
In some of the “stored blood” studies 
reported, oxalated blood was used.*-'® But, 
the decalcifying agent used in “stored 
blood” is sodium citrate. Other reports 
concern the study of a single specimen. It 
is apparent that a larger series of “stored 
blood”should be investigated under actu- 
ally encountered blood bank conditions, 
and with the same anticoagulant and pre- 
servative which are used today by blood 
banks in general. 

The tYvo common methods used to study 
prothrombin are: (1) Tlie Warner, Brink- 
haus, and Smith, or 2-stage method which 
extracts the fibrinogen present in the 
plasma and then converts the prothrombin 
to thrombin.’^ The final stage occurs with 
the addition of a constant amount of 
fibrinogen to the thrombin previously 
formed, resulting in a fibrin clot. (2) 
Quick’s method and the Link-Shapiro 
modification of Quick’s, which determine 
the rate of prothrombin conversion. " - 
The Warner, Brinkhaus, and Smith 
method ascertains quantitatively the 
amount of prothrombin present and may 
be questioned in a study of this nature. 
The other constituents such as platelets, 
thromboplastin, activators and inhibitors 
are not measured by the 2-stage method. 
These substances are present in “stored 
blood” and may alter the prothrombin 
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activity. The results of the Quick method 
and the Link-Shapiro modification of it, 
are affected by the aforementioned con- 
stituents. 

Investigators using the Warner, Brink- 
haus, and Smith method on several bloods, 
found a diminution in the amount of pro- 
thrombin present as follo-\vs; blood stored 
9 to 12 days — 75 to 91% of normal;'®-*® 
IS to 25 days — 50 to 61% of normal;'®-'® 
and by the 37th day, 40% of normal.'® 
Those using Quick’s method on a some- 
what greater number of blood samples 
found a wide variation in the speed of 
prothrombin conversion. Oxalatcd blood 
stored 24 hours, 50% of normal.'® Citrated 
blood stored 1 to 3 days— 35 to 73% of 
normal.'®-" On the 7th day, 25 to 55%, of 
normal;"-'® 9 to 13 days— 20 to 50% of 
normal ;"-'® S to 24 days— 14 % of normal ;'® 
2S to 3S days — 50 % of normal.® The wide 
variation resulting from Quick’s method 
makes it difficult to arrive at a definite 
conclusion as to the activity of prothrom- 
bin in "stored blood.’’ 

We have undertaken the investigiition 
of 50 units of "stored blood’’ selected at 


random. Each unit was examined daily 
during a period of 21 days. At this hospital 
blood is considered suitable for transfusion 
for 21 days. 

Method. From each of 50 healthy donors 
500 cc. of blood was obtained. Each unit was 
thoroughly mixed with 125 cc. of acid-citratc- 
dextrose solution following the usual blood 
bank technique. Acid-citrate-dextrosc solu- 
tion has been reported as being the ijost pre- 
servative for whole blood.® Seventy per cent 
of the cells so preserved survive after 35 days 
and 65% after 39 days of storage.® Under 
aseptic ])rccautions IS samples, 4 cc. each, 
were transferred immediately to rubber- 
capped, sterile vacuum tubes. The specimens 
were stored .at 4° C. in the blood bank 
refrigerator. An equal vacuum was used for 
the tubes and the donor storage bottles. 

The technique of Link-Shapiro modifica- 
tion of Quick’s method, using rabbit lung ns 
the source of thromijoplastin was used.® The 
thromboplastin used gave an average whole 
plasma prothrombin time of 12.4 seconds. 
An original lot of throml)oplastin and chemi- 
cals was used throughout this study. The 
.same technician performed all dcterinina- 
tions. The whole plasma j)rothronibin time 
and 12.5% jdasma prothrombin time (made 
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by diluting whole plasma with physiologic 
saline) Avere performed on each individual 
blood sample daily with the exception of a 
few. This may be noted in Figures 1 and 2. 
The error allowed for whole plasma is 0.5 
second and for the 12.5% plasma, 1 second. 
It is believed by some that 12.5% plasma is 
more sensitive than whole plasma to minute 
changes in prothrombin and is therefore a 
more sensitive indicator of the rate of pro- 
thrombin conversion.^® 

On the day each blood was taken an 
individual dilution curve (graph) was made 
with physiologic saline and plasma according 
to the method outlined bj”^ Quick. From 
these graphs the percentage prothrombin 
activity was read for each individual subse- 
quent determination of whole plasma pro- 
thrombin time. 

Eesults. The percentage pi-othrombin 
activity of whole plasma may be seen in 
Figure 1 for each day. It can be noted 
that the prothrombin activity is OA’^er 100 % 
for the first 4 days following storage and 
100% for the 5th day. Horvever, a few 
continued to show or^er 100% activity 
through the 6th da 3 ^ After the 5th daj’’ 
there is a gradual drop of prothrombin 
activity to S4.S % on the 9th day, followed 


by a more rapid drop to 66.2% on the 
12th day, after which the drop is gradual 
again to 47.7 % by the 21st day. Any pos- 
sible increase in activity over 100% can- 
not be expressed numerically during the 
first 4 days, as the curve of prothrombin 
activity is maximum at 100 %. For these 
4 daj>^s the rvliole plasma prothrombin time 
is shorter (more active) than on the day 
the blood Avas drawn. 

The 12.5 % plasma, as demonstrated in 
Figure 2, shows a someAA’hat similar change 
in the rate of prothrombin conversion, 
although not quite as dramatic. For the 
first 5 days folloAving storage of AA'hole 
blood there is a decrease in the dilute pro- 
thrombin time (increased prothrombin 
activity) bejmnd the limit of technical 
error. On the 6th and 7th days there is no 
change in dilute protlirombin time as com- 
pared to the day the bloods AA'cre taken. 
From the Sth to the 21st day there is a 
slow rise in the dilute prothrombin time. 

Discussion. Crosbie ci al. found an in- 
creased coagulability of “stored blood” 
during this same period;® Banfi et al. and 
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Kolmer found increased prothrombin 
activity within 24 hours of storage.*-® 

Thromboplastin is essential for the 
mechanism of prothrombin conversion as 
well as ionizable calcium. Crosbie d ah. 
Drew d al., and Kolmer have shown that 
platelets begin to disintegrate in “stored 
blood” within 24 hours and continue to 
disintegrate for 5 or 6 days.®-"*-® As plate- 
lets disintegrate thromboplastin is liber- 
ated. The exeess tlrromboplastin is prob- 
ably responsible for the more rapid pro- 
thrombin conversion as illustrated in both 
the whole and dilute plasmas during the 
first 4 to 5 days, respectivelj'. 

Lord, Andrus, and Moore demonstrated 
in dogs and in viho that, “the changes in 
the total content of prothrombin in the 
plasma of a recipient after a transfusion 
are dependent on the prothrombin con- 
tent of the plasma of the donor, and may 
be calculated on the basis of addition.”® 
The amount of prothrombin contained in 
500 cc. of blood is relatively small when 
compared with the total quantity of pro- 
thrombin in the normal human. Theo- 
retically, a single transfusion should have 
little effect upon the prothrombin present 
in the recipient. However, Karabin d al. 


have observed several instances where a 
marked improvement occurred in cases of 
hj-poprothrombinemia following the use of 
“stored blood.”’ 

Tlie results reported in this investiga- 
tion are from in vitro determinations of the 
activity of prothrombin in “stored blood.” 
It cannot necessarily be concluded from 
this e.xperiment that the use of “stored 
blood” during the period of hyperpro- 
thrombin activity introduces hypercoagu- 
lable factors in the recipient. 

Conclusions. (1) Prothrombin activity 
or rate of prothrombin conversion in 
“stored” or “banked blood” is increased 
during the first 4 to 5 days and is normal 
from the 5th to the 7th d.ay. The increased 
prothrombin activity during the first few 
dfiys of storage is probably due to the 
disintegration of platelets which liberate 
thromboplastin. Thereafter, the pro- 
thrombin activity slowly falls to 47.7 % by 
the 21st day. 

(2) It is practical to use “banked blood" 
for hy 7 )oprothrombincmia, or bleeding 
associated with it, as an agent containing 
normal hemostatic qualities, during the 
first week of storage. 
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Since the sickle cell trait is inherited 
as a Mendelian dominant in negroes^^ and 
is therefore presumably present from the 
onset of hematopoiesis in fetal life, sickle 
cell disease should occur in infancy as 
often as later in life. Although McGavack 
and Nussbaum®^ found that 50% of 214 
reported cases had symptoms of their 
disease before the age of 2 years, there 
are very few cases reported before the age 
of 6 months. Graham and McCarty^® 
report the autopsy of a 4 month old negro 
infant who died of bronchopneumonia, 
whose spleen was said to show typical 
findings of sickle cell disease. "Wollstein 
and KreideP® mention death due to 
bronchopneumonia in a 3 month old baby 
witli sickle cell disease. Unfortunately 
clinical data are lacking in both these 
cases. Tomlinson"*® reports tliat sickle 
cell anemia was found at autopsy in 2 
cases in the age group of 1 to 6 months in 
his investigation made at the Canal Zone. 
We have found two other reports*®-^ in 
the literature of hospital admissions for 
sickle cell disease before the age of 6 
montlis, and six others"'’’”'*'-*®'®® in the 
succeeding age period of G months to 1 
year. The paucity of cases in infancy is 
surprising in view of the frequency of 
hospital admissions in later childhood. 
Several of our patients have had more than 
20 periods of hospitalization for the 
management of tlieir crises. However, 
there liave been several cases in older 
children®'®* •"’®®-*® where there was a history 
of symptoms beginning at the age of 6 
to 12 months. Often the story is given 


of being “sickly as long as I can remem- 
ber,” but the exact data for infancy is not 
known. 

In a study of the baby of one of our 
sickle cell anemia patients, we found only 
6% sickling at birth, witli a gradual in- 
crease to 90% at 4^ months. When last 
seen at 6 months he was still well and had 
no hematologic evidence of sickle cell 
anemia. In 26 reported deliveries of 
patients with sickle cell disease, sickling 
was noted to be present in 8 of the in- 
fants,®®'®’’®®'®®’®’’®® but the percentage of 
sickled red cells was mentioned only 
once,®® in which case it was given as 1 %. 
Sharp and Schleicher®* report a baby in 
whom no sickling was found at birth, but 
in whom sickling was found to be present 
at the age of 4 months. The largest study 
of sickling in newborn negroes was done 
by Diggs and co-workers,*® who found 
sickling in 6 out of 159, a percentage of 
3.8. This is considerably lower than their 
over-all figures of 8.3% for 2539 negroes 
of all ages. Although the percentage of 
sickled red cells in each preparation was 
not noted, the comment was made that 
sickling in newborns was “ less marked and 
developed more slowly than in adults with 
the trait.” Graham and McCarty*® found 
sicklemia in 5 out of 6 newborn infants of 
mothers with sicklemia. Beck and Hertz* 
found sicklemia in 1 out of 5 newborns 
tested, and stated that there was only 5 % 
sickling in the sealed preparation. Since 
the red cells of adults with the trait are 
known to sickle 100%, tlie .‘jcattered 
evidence presented seems to indicate that 


♦ Prcjipntod at the E.'i5t<'rn Sectional Meeting of the American Federation of Rc 5 e.arch on Decem- 
ber r2, 1947, at New York Hospital, New York. 
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sickling is incompletely developed at birth. 

Given a newborn who shows the sickling 
trait, there is at present no certain method 
for predicting whether he will later de- 
velop the disease; for it is not known 
whether the means of differentiation (all 
of which depend upon differences in sick- 
ling threshold to oxygen tension^-^^) are 
valid at that period. Geneological studies 
have not been very helpful, since the 
attractive theory that homozygosity might 
be responsible for the disease, in contrast 
to heterozygosity for the trait, is not well 
supported factually.^- In view of the 
generally accepted estimate that, of the 
7.3 % of negroes who have sicklemia, only 
1 out of dO"* will have the disease, it is not 
statistically profitable to make a study of 
negro newborns in the hope of finding one 
who will dcveloj) sickle cell disease. In- 
deed, there arc no records of cases of sickle 
cell anemia which have had careful 
hematologic studies since birth. However, 
it seemed possible that the study of sick- 
lemia in the newborn negro infant might 
indirectly throw .some light on the problem 
of the development of sickle cell disease. 

Methods. Sickle cell prejjarations were 
made on 220 con.=ocutivc necro newborn 
infant.® in the nur.=cry of Kings County 
IIosj)ital. The mother.® on the inatcrnitj' 
■HTvice were u.®cd ns the control serios* 
I'inccr blood from the mother.® and heel 
blood from the infant.® was used. The 
^tandard .‘■ealed preparation" wa.s made, 
n.'ing clean ulas® slide® and Xo. 1 cover slips. 
For the first few ca®es a va=clinc seal was 
n-ed, but ‘-ub-e(|uently paraffin was sul)- 
stitnled becaU'e it eliminated the tendency 
for the blood to retract at the edses of the 
covcT slifi. .Ml pri'jiaratinns were made in 
fluji’ioate, incubated at 37. ."C C., and read 
for 'icklinc !‘.t 2! liour-. Only the tyjiical 
^;cl.!..<l with long bizarre prore--.'--- were 
c .uf.ti'd. iloubtful cell® of rxli] -hajx’S lioinc 
Tie- jti'rcvntag*' of .■-ickle'l relb 
d' t( rmined from c<'unfirig 'Ji'Ki red bloiv! 
ee’b itie are:.® v. hirh -liov, ed maxinuum 
‘'f'kb'.g. I’re-.'rig t".' hard the covr-r 
•'.p f"ur;'l tu f“.'...r d‘-;r:t. graiion the 

• V, r r I. r-. I i r] i, 

t ■ ■ I>-, r. K'r®’ '■ : i>r. ! j. V. f > 

- ' i; I it 


sickle cells; in infant blood with macrocytic 
red cells and tendency to the formation of 
thicker drops, it was particidarly important 
to avoid this pressure when making the 
sealed slide. Sickling preparations are 
notoriously capricious’""®-’^ so that con- 
sistent procedure in the smallest detail is of 
the utmost importance. It is realized that 
determining the percentage of sickled cells 
does not yield exactly the same figure in 
each preparation made from a given sainjile, 
but differences of the order of 10 to 20 fr 
can be interpreted as being significant. It 
was found that the blood of the newborns 
sometimes required 48 hours to reach 
maximum sickling, so that the iiercentage of 
sickling was noted at 24, 48, and 72 hours. 
At 72 hours the sickling usually had not 
increased, but had begun to diminish, and 
often partial hemolysis had set in; these 
figures are therefore not included in this 
paper. In the case of the mothers, maximum 
sickling occurred within the first 24 hours. 

The hemoglobin values of the mothers 
were obtained from their charts. The 
H.aden-Hau=sor method was u.=ed. 

Results. Of the 220 negro mother.® 
c.\amined, IS (SG), showed sicklemia; 
the data on them is presented in Table 1. 
None had clinical or hematologie evidence 

T.Mit.r. 1 .— MoTiir.ii-* with Sickm'.mi.^ (IS out or 
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Of the 226 infants examined/l9 (8.4%), 
showed sicklemia (Table 2). The case 
numbers in the table are the same as those 
of the corresponding mothers except for 


Table 2.— Newbornb with Sicklemia (19 out 
OF 226 Cases) 

Sickling 


Case No. 

Age, days 

,% at 

24 hrs. 

% at 

48 hrs. 

Sicklemia 
in mothers 

4a 

3 

2 0 


No 

6a 

2 

4 0 


Yes 

24a 

2 

0 5 

, , 

No 

35a 

3 

1 0 

1 0 

No 

37a 

3 

1 0 

8 5 

No 

40a 

1 

1.0 

7 0 

No 

67a 

1 

5 0 


Yes 

85a 

2 

8 5 

11 0 

No 

116a 

1 

2 5 

4 5 

Yes 

128a 

1 

1 5 

1 5 

Yes 

129a 

1 

2 5 

19 0 

No 

163a 

2 

19 0 

19 0 

No 

154d 

3 

14 5 

20 5 

No 

155a 

2 

12 5 

15 0 

Yes 

107a 

1 

19 5 

19 5 

Yes 

179a 

1 

3 5 


Yes 

180a 

2 

12 5 

21 0 

Yes 

181a 

1 

29 5 

29 5 

No 

220a 

1 

10 5 

29 0 

Yes 


the addition of the letter '‘a.” Maximum 
sickling varied from 0.5 to 29.5%, with a 
mean of 11%. The tendency for the 
last figures to be higher may be accidental 
or may be due to improved technique. 
In 6 instances blood was also sickled by 
the gas chamber method of Hahn and 
Gillespie,*^ and the percentage of sickled 
erytlirocytes was found to be essentially 
tlie same as that of the sealed preparation. 
The infants with sicklemia were all 
healthy full term babies. 

Discussion. The incidence of sicklemia 
in the newborn negroes in our scries agrees 
very well with that of the mothers, being 
19 and IS respectively out of 220 (S.4 and 
8%). These figures compare closely 
with the usual figure quoted for this 
country — 7.3% of a series of S423 
negroes.’''’ Of the 19 babies with sicklemia, 
9 had mothers with the trait — a figure 
which would be expected for a Mcndelian 
dominant characteristic.-’ 

Despite the faet that the incidence of 
.sicklemia of the infants and adults was 
almost identical in both groujis two im- 
portant differences with respect to the 
sickling were noted. First, the sieklin" 


of the infants’ red cells often required 48 
hours to reach a maximum instead of the 
24 hour period required for the mothers’ 
red cells. This presumably means that a 
lower oxygen tension^’ is required for the 
sickling of the infants’ cells. It has been 
shown that there is a significant shift to 
the left of the oxygen dissociation curve 
of oxyhemoglobin at birth, which grad- 
ually reaches adult values at the age of 
6 weeks.” The presence of fetal hemo- 
globin might then e.xplain the longer period 
necessar^'^ for the sickling of newborn red 
cells. 

The second difference noted was that, 
of the mothers who had sicklemia, the red 
cells showed 84 to 100% sickling, in con- 
trast to those of the infants which showed 
only 0.5 to 29.5% sickling. The greater 
affinity of fetal hemoglobin for oxygen 
should not account for the low percentage 
of sickled red cells in newborns with 
sicklemia, since the maximum percentage 
of sickling could not be raised over that 
of the sealed preparation by use of the 
gas chamber method where o.xygen can be 
excluded entirely from the system. 

It might be thought that immaturity 
of many cells in the newborn would 
reduce the sickling tendency, as there are 
in the literature reports that normoblasts 
and even reticulocytes fail to sickle. 
Careful stud}-’^ has shown that, while 
the velocity of sickling may be retarded in 
immature cells, the percentage is the same 
as in older ones. The blood of these infants 
contained no high percentage of immature 
cells and another explanation must be 
sought. 

It is well establi-shed that human fetal 
hemoglobin differs chemically from adult 
hemoglobin. Differences have been demon- 
strated with respect to alkali denatura- 
tion,'"' hi.stidinc content,’- immunological 
proper tie.s,’^ the oxygen dissociation 
curve,” crystallization, and sedimenta- 
tion constants and electrophoretic mobil- 
itie.s.’ It is thought that these differences 
are due to variation in the chemical struc- 
ture of globin. e.specially since spectro- 
scopic analysc.s have failed to .show 
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differences in the prosthetic group of 
hemoglobin,^® Brinkman ct al.^ have 
sho\vn that newborn blood contains about 
SO % of the fetal alkali resistant hemo- 
globin. This was still present in two 
infants 3 months old, but was absent in 
one of 7 months.® Trought^' in a similar 
investigation found that it disappeared as 
early as 4^ months. The theory that at 
once presents itself is that fetal hemo- 
globin is unable to produce sickling, and 
that thesicklingtrait progressively becomes 
100% with the gradual formation of the 
new red cells containing the adult tj-pe of 
hemoglobin which possesses the sickling 
property. This hypothesis is further 
.strengthened by the fact that the esti- 
mated life span of the erythrocyte is 4 
months.''® This fits in well both with 
Trought’s observation that the fetal 
hemoglobin disappears at 41. months and 
with our finding of an infant who developed 
00 sickling at 4J months in comparison 
with the 6'^c sickling at birth. IVhcther 
this last instance represents the usual 
course of events can be decided only by 
following the percentage of sickle cells 
from birtli through one year in a series 
of infants, a study now under way.* 
Whether the sickling in infancy follows a 
different pattern in those infants who will 
tievelop anemia and in those merely show- 
ing the trait will take some years to 
determine. 

Since an oxygen tension of 4') mm. Ifg., 
is taken to be the threshold for sickling 
in patients with .sickle cell ilisease,'^ the 
mneli lower oxygen tension that occurs 
in iilrrn' .dmuld e.-m.'C complete sickling 
and thus be incnmi)atible with life. In 
fact, if the same low tension of Ki mm. is 
achieved in the tinman fetus as in tlie 
sheep, sickling in uft ro should o<-enr even 
in th...<- nith the sickling trail only, since 
the oxygen ten-ion threshold in the.-e ca-e^ 
is e.timated to be is mm.-'’ However, wr* 
onild find no ea--- in the liti-raUire of 

• .s;- s; !. jo;-- -r-i- f,,r j -A t.-yi'.--!. 

(I-. r-’i -n! f.-. O'er-, a!- ».r-e t c':-’.;;-. 

tS e;. s', tt.- I n; 

tVf s.-e 1.“.!-' ’.e! -o Vr. f r 


pathologic findings of sickle cell anemia 
in autopsies of newborns and stillbirths. 
The youngest autopsied cases were infants 
1 month,'® 3 months,®® and 4 nmnths” 
old, the first being complicated by acute 
otitis media, and the last two by broncho- 
pneumonia. It seems likely then that fetal 
hemoglobin lacks the sickling properties 
of adult hemoglobin, thereby preventing 
automatic extinction of sickle cell disease 
from deaths in ntcro, and partially protect- 
ing the infant in the first 4 months of life 
during which time it gradually disappears 
from the blood. 

Summary. 1. A study was made of 
sickling in 4.52 consecutive negro newborns 
and their mothers: S % of the mothers and 
8.4 % of the infants showed sicklemia. 

2. The red cells of mothers with sick- 
lemia showed S4 to 100% sickling, while 
those of the newborns showed only 0..5 
to 29.5%. The red cells of the latter also 
required a longer time to attain maximum 
sickling. 

3. It is suggested that tlicsc dilTerences 
arc due to a chemical difTcrcncc between 
fetal and adult hemoglobin because: 

(ff) Fetal Jicmoglobin a.s tc.stcrl by the 
alkali denaturation method diffcr.s from 
adult hemoglobin and docs not di.sapi)ear 
from the blood until 41 montlis. Tlie 
oxygen tli.ssociatioTi curve of fetid hemo- 
globin is shifted to the left. 

(5) Tlie life sp:m of tin; erythrocyte is 
about 4 months. If adult hemogloliin 
begins to be immufacturcd at birtli, 4 
months would elapse before it would 
entirely rejdaee fetal hemoglobin. 

(c) In one ease of sicklemia followed 
from Iiirth, sickling increased progre.s- 
sively from fJS' at birth to 90'.! at 4’ 
months. 

4. The ab-ence of death in utrro from 
sickle I’cll anemia may be due to the 
prr»t«ftive infhicrirf of fetal hctnoglohiri 
xvhif h i-. nnaiilc to sickle even at the [ow 
oxyg'-n ten-ion which e,xi-ts in the felii', 

I! ir.fsr.t' v-illt t.-.'.r tf/.Vi’x t-.r 

r Jr,-:.*!.*..- ! 5 t'. on n’.eri.~e? 

ir. t!-..- j sf; lix’-c r. rf If.'’ 
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THE LEUKOCFTOSIS OF DIABETIC ACIDOSIS 
By J.ames L. Tullis, !M.D. 

DOXXER RESEARCn FELI-OVl’, HARVARD AIEDJCAI/ RCIIOOE 
BOSTON’, MASSACHUSETTS 

(From tlic Department of Biolopical Chemistrj’, Harvard Medical School, and the Lalxjratoric'i o 
Patliolopj’, Ncr- Enpland Deaconess Hospital) 


Leukocytosis is of coinmoTi occurrence 
in diabetic acidosisd'*'^-' It is generally 
polymorphonuclear in type. Allan'-- first 
pointed out that its occurrenee is ap- 
parently independent of the presence or 
absence of intcrcurrent infection. Rather 
e.xtreine leukocyte levels are sometimes 
seen. Root® reports a tvhite count as 
high its 92,000 in diaiietic coma, and 
.Anderson’ reports a tvhito count of 97,000. 
Heck and Hall*' state that dialietie aeidosis 
is sometimes accompanied by a leukemoid 
rcjiction, with young leukocytes, myelo- 
cytes and even myeloblasts appearing in 
the peripheral circulation. 

Working with c.xpcrimental anisotonia 
in anirnaks, it was recently shown" that a 
selective polymorphonuclear leukoeytosis 
regularly accompanied tlic induction of 
c.vtraccllular hypertonicity. The in- 
creased coneentration/mm.’ of absolute 
numbers of circulating neutrophils was 
roughly proportional to the increase in 
milliostnolar strength of the senmi. The 
hypothesis was advanced that under 
ci-rtain conditions, hyi)ertonicity of the 
extracellular fluids might be an iinjmrtant 
e<mtributing factor for the prodnetion of 
polymorpliomielcar leukocytosis. 

It was the pnrpo.'C of the present study 
to o!)o-rve the levels of hypertonieity 
jiatnrally oeenrriu'j in tlie ronr.'e of 
iii;i.ie-t!i- a.eirio'is ami .s»‘e if they bf>re any 
relation-hiji to the extent of leilkoevtosis 
whieli aeeonifiatiied it. 

Methods. c.ia-cf-ntive di.ahetie 

i-' r-.':::.':- •: ■tot’." Kncl.'Ci'i D'-icf.". 

• He ■ ere 'Usi'’-'!. I.evc!- hyp-r- 

»,•: d •( h'.' fri’-rir.y pent 

; -I • ' r, <!■ fi'-ri.x'i;/--! 


osmoles per liter.* Absolute neutrophil 
counts were determined by total wiiite 
counts and concurrent differential counts on 
500 cells. All white blood cell counts tvorc 
previously corrected for hcnioconccntration 
by observing the variation in hematocrit 
values between coma and rccovciy’- 

Levels of tonicity of the scrum were 
recorded at Die liciglit of coma, 0 lioiirs 
later, and following return to a "normal” 
.status. Absolute neutrophil levels were 
recorded at the height of conia, 20 hours 
later and following return to a "norma!” 
status. 

Results. The data obtained is pre- 
sented in tabular form in Table 1. 

In each case a substantial level of hyper- 
tonicity was recorded during the height of 
coma. Similarly, ii substantial level of 
leukocytosis was recorded during the 
height of coma. The increases in eo\mt 
were accompanied hy a “ shift to the left 
in the Schilling hemogram, with immature 
polymorphs and, on two oeeasions, myelo- 
cytes nj)i)canng in the eireulation. If 
one plots the ab-iolnte neutrojdiil counts 
obtained at the height of coma against 
the eoneurrent hyi>ertonieity of the serum 
it will be .=een that tiiey l)ore a direct 
proportionality to one iinother dig. 1). 

.-Vll punts fell elfim enough tfi a straight 
line relntioiiship to be within the ninge of 
e.xperimentid error, eNeejiting one. In 
that instanee an iib-oliite neiitrojiliii 
count of L’b.OfK) wa- eoriddenibly Iiiglcr 
th;in Wiuld have leeri antieijinted frotn 
the molarity of the patient's -enmi alotw. 
It i- of iiitere-t that in that irrtame a 
c (•neoniit.'itit infeetfotial c/eniefit mat Im*' 
pri-^<-ni gs tlie jiati’etit V,;'. iiiehr 
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TULLIS: LEUKOCYTOSIS OF DLYBETIC ACIDOSIS 


REUTIOS OF MOURITY OF SERUM TO 



2000 5000 10000 15000 20000 

Atisclule Kcutrophll Count 

Fig. 1. 

absolute neutrophil count and molarity of 
the serum, once the period of recovery 
ensued. In general, ji relative leukopenia 
and neutropenia was common for a montii 
or more after recoi ery from comti. 

It is of interest tiiat no co.sinophils wore 
seen in any blood .smear during coma. 

Discussion, Ahliough tt proportional 
fluctuation in the molarity of the serum 
and absolute numbers of circulating 
neutrophils docs not, of itself, imply a 
cause !ind olTect rehitionshij), it would 
seem, in view of the previttusly rejiorted 
experinienttd relationship," tind in view 
of the ch).se proportioiiidity ob.served in 


this series of cases, that such a possibility 
is worthy of consideration. 

The exact mechanism of such a hyper- 
tonic-leukocytosis would remain to be 
defined, but would seem to be an effect of 
the hypertonicity per sc rather than an 
effect of increased concentration of any 
one or more of the elements comprising the 
hypcrtonicity. The experimentally in- 
duced hypertonicity was essentially an 
increased concentration of Na+ and Cl“, 
whereas the reverse obtains in the hypcr- 
tonicity of diabetic coma. repeatedly 
shown by Sunderman,®-’® Atchley, I/ich, 
(1 «!.,■* Danowski, \Yinkler and Peteis^ 
and others, there is a lowering of plasma 
Na+ and C!“ levels in diabetic acidosis. 
The hypertonicity of diabetic coma is 
essentially an increase in the organic con- 
stituents of the plasma; sugar, urea and 
ketone bodic.s. Thus, if the same procc.ss 
incites the leukocytosis in both instances 
it woidd imply an effect of the hypcrton- 
icity itself, rather than effect of the 
elements which com))risc it. 

Summary, Seven c;Lse.s of dial)etie 
.'icidosis are jiresented, in which stmiies 
were made on the simultaneous fluctua- 
tions in molarity of the serum and absolute 
mimliers of circulating neutrophils. 

The hypothesis is advanced that the 
hypcrtonicity of the plasma in diabetic 
acidosis may play a causative role in the 
ernicomitanl leukocytfcsis. 


Tho aiitluir irrnlefiilly nekrio«TisI;;c*’ pfrrni— ion for llie u-o of ttie (!iats*tie roiiei of tfte f.. i 
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BENIGN IDIOPATHIC SPONTANEOUS PNEUMOTHORAX 
A Review of 63 Cases* 

By Bernard Hyde, M.D. 

INSTHUCTOK OF DISEASES OF THE CHEST, COLLEGE OF MEDICAL EVANGELISTS 

LOS ANGELES, CALIFORNIA 
AND 

LeRoy Hyde, M.D. 

CHIEF, NON-TUBERCDLOUS THORACIC SECTION, BIRMINGHAM GENERAL HOSPITAL 

VAN NHYS, CALIFORNIA 

(From the Chest Service, Bellevue Hospital, New York, and the Thoracic Service, Birmingham 
General Hospital, Veterans' Administration, Van Nuys, California) 


In 1943 the United States Army had 
873 hospital admissions for simple benign 
idiopathic spontaneous pneumothorax.^ 
In recent years it has become apparent 
that idiopathic spontaneous pneumothorax 
is relatively common. Kjaergaard^ studied 
51 cases admitted to the hospitals of 
Denmark in a 20 year period. Perry® 
found 85 cases in the London Hospital 
record in a 14 year period. Ornstein and 
Lercher® reported a study of 58 cases. 
Blackford^ reviewed 15 cases in college 
students at the University of Virginia. 
Leach® reported 126 cases from the Army 
Air Forces. Niehaus^ reported 24 cases. 

• Benign idiopathic spontaneous pneu- 
mothorax occurs most often in healthy 
young adult males. Pleural fluid is slight 
or absent. Fever is uncommon. Uncom- 
plicated reexpansion is the rule, but recur- 
rence is not infrequent. The chest roent- 
genogram is negative for infiltration. The 
usual e.\planation for spontaneous pneu- 
raothora.x is the rupture of alveolar walls 
with air dissecting its way along intersti- 
tial bands to the pleura, and causing the 
formation of a bleb. This bleb has a check 
valve, allowing the entrance, but not the 
egress of air, with resultant ballooning, 
thinning and rupture of the bleb. It is 
important that the benign nature of idio- 
pathic spontaneous pneumothorax be rec- 
ognized and that pulmonary tuberculosis 
not be incriminated. 

Tliis rejiort, based on 63 cases, is a 
clinical study of 2 groups of patients, I 


group of 27 studied in Los Angeles, and 
the other group of 36 patients seen at 
Bellevue Hospital in New York. The 
material is best presented under several 
headings. 

Age of Patient. The youngest patient 
was IS; the oldest w^as 62 years of age. 
Seventy-five % of patients were under 
40 years of age, and almost 50% were 
between 20 and 30 years. Thus, benign 
spontaneous pneumothorax is primarily a 
disease of young adults (Table 1). 

Table 1.— Age of G3 Patients With 
Spontaneous Pneu.mothorax 


.Age 

No. 

18-20 . 

.... 4 

21-30 . 

.... 30 

31-40 . 

.... 13 

41-50 . 

. ... 10 

61-60 . 

. . . . 4 

61 -C2 . 

2 


Sex, In the Los Angeles group only 
males were examined. In the Bellc\'ue 
Hospital group there were 30 males (26 
white, 4 colored), and 6 females (5 white 
and 1 colored). The ratio of males to 
females was 5 to 1 . 

Side of PxVEUMothorax. In most stud- 
ies the spontaneous pneumothorax was 
more often on tlie riglit side. In our 
studies, 31 patients had a right pneumo- 
thorax and 32 a left. Bight and left side 
appear to be affected equally. 

Time for Reexpaxsiox (Table 2). In 
almost 70% of patients the time for re- 
e.xpansion was 7 weeks or less. In tlie 
indiUdual patient it was difficult to pre- 


_ * Publis)ied with permission of tlie Chief YIcdic-Tl Director, Department of Medicine and Surperj’, 
' oferans’ Administration, who assumes no responsibility for the opinion.s expressed or conclu'-ion*: 
drawn by the autliors. 
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Taiu.k 2.— TT.mi: i-ok KiU^xi-ansios in .’17 
CaBI-.S ok .SkONTANKoCB I’.s-r.t-’MOTIIOtlAX 

Wl'rk,.. 

1 

No. 

a 

a . . ! . . 
•1 

a 

s 

a 

r, 

8 

0 

(i 

7 

9 

s 

7 

9 

1 

10 . . . ! . 

1 

n 

0 

Over 11 

a 

diet the time for reexpansion. 

l/jakage of 

air into tlic pleural space may continue 


for fiays, and even weeks. Of 8 patients 
wlio Imd lo% collap.se, ] recpiired 2G days, 
tile scconil 7 days, and tlic third oO days 
for rce.\pansion. One patient had a 50% 
collapse on admission with gradually in- 
creasing collapse to 90% in a period of 
2 weeks, and then uncomplicated ree.v- 
pnnsion. Another patient “blew out” 
again on the 9th hospital day, and then 
had an uncomplicated rce.xpansion. One 
patient required 100 days to rce.xpand his 
collapsed lung. Air samples on the oGth 
hospital day were consistent with a diag- 
nosis of bronchopleural fistula. 

Etiology. Five patients gave a history 
of bronchial asthma. None, however, Jind 
an asthmatic attack at the time of the 
pneumothorax. In 58 patients the cause 
was not apparent and was therefore labeled 
idiopathic. It was noted that almost 
every patient was thin and underweight. 
Several patients were of normal weight. 
None was overweight or obese. 

History of Effort. In only 2 patients 
(3%) did the onset of symptoms occur 
during or just after effort. One patient 
had thrown a football, and another was 
straining at stool. Four patients were 
aroused from sleep. A history of effort 
associated with the onset of symptoms 
was rare, and apparently coincidental. 

Chest Pain. Chest pain occurred in 
62 patients, or almost 100% of cases. 
This pain was usually described as “ sharp” 
and “cutting,” rarely as “dull,” and was 
always on the side of the pneumothorax. 
Frequently the pain was pleuritic and 


lasted from 1 to 4 days. Benign sponta- 
neous pneumothorax may be completely 
asymptomatic. One patient had a right 
pneumothorax with sudden pain in 19.38. 
On a routine clinic visit 1 year later she 
was found to have a 10% collapse of the 
right lung. She was completely asympto- 
matic. Two patients, not included in 
this series, also had asymptomatic spon- 
taneous pnenmothoraccs. One patient 
was adrnittefl with severe urticaria. On 
routine fluoroscopy she was found to have 
a sjiontaneous pneumothorax. Another 
patient had a transverse myelitis and per- 
sistent fever. A chest film showed .50% 
collapse of the right lung. IVilson' found 
5 cases of spontaneous pneumothorax 
without synq)toms on routine chest Roent- 
gen rays of Yale students in a 4 year 
period. 

DysI'NEA. Fifty-two patients (83%) 
had slight to marked dyspnea. It was 
difficult to correlate the degree of collapse 
with the severity of the dyspnea. One 
patient with 70% collapse and another 
with C0% collapse gave no history of 
dyspnea. One patient with almost 100% 
collapse of the left lung had moderate 
dyspnea, whereas 2 young adults with a 
5% collapse also had moderate dj'spnea. 
Several patients had increasing dyspnea 
during the first few days. As a group, 
however, the greater the degree of col- 
lapse, the more severe the dyspnea. 

Pleural Adhesions. In benign idio- 
pathic spontaneous pneumothorax, the 
chest roentgenogram reveals no infiltra- 
tion either at time of lung collapse or when 
the lung is reexpanded. In this study no 
patient had pleural adhesions demonstra- 
ble by chest roentgenogram. In Ornstein s 
group, the 3 patients who had adhesions 
developed active pulmonary tuberculosis 
within 3 ^'■ears. Of 25 consecutive un- 
selected patients admitted to the chest 
service of Bellevue Hospital with acti%'e 
pulmonary tuberculosis and a spontaneous 
pneumothorax, 24 had pleural adhesions 
demonstrable on Roentgen ray. The 
presence of adhesions with a spontaneous 
pneumothorax calls for careful clinical 
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study and continued observation for a 
possible tuberculous cause. 

Cyanosis. Five patients (8%) were 
slightly cyanotic at the onset. These pa- 
tients had moderate to marked dyspnea, 
and 4 had over 50% lung collapse. 

Pleural Fluid. Forty patients (65 %) 
had no pleural fluid; 23 patients had 
pleural fluid, enough to blunt the costo- 
phrenic angle in 19, to the level of the 
diaphragm in 2, and above the diaphragm 
in 2. The 2 patients with fluid above the 
diaphragm had thoracenteses, and “pure 
blood” was aspirated. One patient con- 
tinued to reaccumulate fluid which became 
more serous and then ceased after 6 weeks. 
After 3 years, this patient is in good health. 
In 25 unselected consecutive patients with 
active pulmonary tuberculosis and spon- 
taneous pneumothoraces, 13 had fluid above 
the level of the diaphragm. In idiopathic 
spontaneous pneumothorax, the accu- 
mulation of appreciable amount of fluid, 
that is above the level of the diaphragm, 
is unusual, and in such cases the possi- 
bility of underlying pulmonary tubercu- 
losis or other pulmonary disease must be 
considered. 

Sedimentation Rate. In 22 patients 
the sedimentation rate was normal. It 
was slightly elevated in 8 and was not 
determined in 35 patients, on admission. 
In benign idiopathic spontaneous pneumo- 
thorax a normal or slightly elevated sedi- 
mentation rate is usual. 

Leukocyte Count. On admission, 21 
patients had normal white blood cell 
counts and 9 patients had slight to moder- 
ate elevation of the leukocyte count. 
These quickly returned to normal, unless 
there was another e.xplanation for the 
leukocytosis. (The white blood cell count 
was not determined on the remaining 
patients on admission.) 

Fever. Seven patients had a low 
fever lasting 1 week or less. One patient 
had fever for 1 month, but he developed 
thrombophlebitis of the leg soon after 
admission. .Another patient was afebrile 
for 3 weeks and then had fever for 2 weeks 
during which time he had clinical evidence 


of a leg thrombophlebitis. Ordinary un- 
complicated cases of spontaneous pneu- 
mothorax Avere unaccompanied by fever 
lasting more than a few days. If fcA^er 
persists, another explanation must be 
sought. If none is found, the spontaneous 
pneumothorax should not be regarded as 
benign. 

Treatment. The patient is kept at bed 
rest until the collapsed lung has reex- 
panded, Bathroom privileges are per- 
mitted when the lung has reexpanded to 
about 80 or 85 % of its volume. Following 
complete ree.xpansion, the patient is al- 
lowed full activity and a return to normal 
life. In case of positive pressure pneumo- 
thorax, due to a ball-valve type of action, 
aspiration of air or temporary tidal drain- 
age is indicated. No case in this series 
had this complication. 

Recurrence. Nineteen % of patients 
had recurrent pneumothoraces. Ten of 
such patients had collapse of the same 
lung, and 2 had collapse of the opposite 
lung. Three patients had 1 recurrence, 
5 had 2 recurrences, 2 had 3, 1 had 4, 
and 1 had 6 recurrences. 

Follow-up. Eighteen patients had 
careful and adequate study with serial 
chest roentgenograms for from 1 to S years 
following their idiopathic spontaneous 
pneumothoraces. All Avere found to be in 
good health and none had any cA'idence 
of tuberculosis. 

Summary. A clinical study of 63 pa- 
tients AA’ith benign idiopathic spontaneous 
pneumothorax is presented. The folloAA'- 
ing AA'ere noted: L Half of the patients 
were betAveen 20 and 30 years of age. 
The ratio of males to females AA*as 5 to 1 . 

2. Half of the pneumothoraces AA-ere on 
the right side and 50% on the left. 

3. In 70 % of patients the time for re- 
e.xpansion was 7 AA’eeks or less. In the 
individual patient it was difficult to pre- 
dict the time required for ree.xpansion. 

4. In only 2 patients (3%) did physical 
e.xertion precede the on.^^et of the sponta- 
neous pneumothorax. 

5. Chest pain occurred in 62 patients 
(almost 100%) and subsided in a fcAv days. 
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0. IXv.spiicii was present in 52 patients 
(S.3%). 

7. Five ])atient,s (8%) were sliplitly cy- 
anotic at tlie onset. 

S. Forty patients ((55%) had no plenrnl 
fluid. Two patient.s had fluid aljovc the 
diaphragm, and in botli "grn.ss hlood” was 
aspirated. 

0. No ])atient liad i)ieural adlicsions 
dcmonstraldc on chest roentgenogram. 
This is in sharj) contrast to a study of 
25 patients with active pulmonary tuber- 
culosis and spontaneous pneumothorax in 
whom 24 had demonstrable pleural adhe- 
sions, and 13 had fluid above the level of 
the diaphragm. 

10. The sedimentation rate was normal 
in 73 % of the group of patients in which 
this was performed, and slightly elevated 
in 27 %. 

11. Of those patients having white blood 
cell counts on admission, 70% were nor- 


mal and 30% showed .slight to moderate 
elevation. 

12. Only 7 patients had a low fever 
lasting 1 week or le.ss. The other patients 
were afebrile. Two patients had fever 
lasting more than 1 week, and both had 
thrombophlebitis of a leg. 

13. llcciirrences oceiirrcd in 19% of the 
patients, usually on the side of the previ- 
ous collapse. 

Conclusions. Benign idiopathic spon- 
taneous pneumothorax occurs most often 
in young healthy adult males. Fever and 
elevation of the white blood cell count 
and .sedimentation rate, if present, are 
.slight and transient. Pleural adhesions 
and appreciable amounts of pleural fluid 
other than “gross blood” from pleural 
tears, arc very unusual and should arouse 
the suspicion of underlying pulmonary 
tuberculosis or other disease of the lungs. 
Tlic prognosis of benign idiopathic sponta- 
neous pneumothorax is e.xcellent and un- 
complicated reexpansion is the rule. 


Wc Avisli to cxprc.'ss our cratitude to 3. Burns Amberson, .tr. M.D., for helpful supRcstions and criticism 
and for pormipsion to study the Bcllowic Hospital croup of cases. 
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* PLEURITIC PAIN: USE OF INTRAVENOUS CALCIUM GLUCONATE 

IN ITS RELIEF 
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ATLANTA, GEORGIA 

(From the Medical Service, Grady Hospital, and the Department of Medicine, Emory University 

School of Medicine) 


It is usually stated in textbooks of 
medicine and phj'^siology that the pain of 
pleurisy is due to friction between the in- 
flamed pleural surfaces. This is based 
partly on the demonstration by Capps and 
Coleman® that the parietal pleura is sensi- 
tive to painful stimuli. Certain clinical 
observations on relief of pleuritic pain by 
various methods have indicated, however, 
that the mechanism of the pain is more 
complex than simple friction between the 
pleural surfaces. The purpose of the pres- 
ent report is to describe the relief of acute 
pleuritic pain by intravenous administra- 
tion of calcium gluconate, and to discuss 
the significance of this and other observa- 
tions in reference to the probable mechan- 
ism of the pain. 

Method. The procedure consisted of the 
intravenous injection of 10 to 20 ml. of 10% 
calcium gluconate solution during a period of 
2 to 4 minutes. The effect of this on pleuritic 
pain will be described in the next section. 
Two side-effects were noted: a sense of 
warmth and flushing, and occasional mild 
nausea. The drug was not used in patients 
receiving digitalis because of possible toxic 
reactions.’-® In order to rule out the possi- 
bility that the sense of warmth and flushing 
after calcium played a part in the results 
obtained, several patients were first given 
100 mg. of nicotinic acid intravenously. 
Tills caused marked flushing of the skin, but 
had no effect on the pain. 

Results. Thirty patients udth acute 
pleuritic pain due either to pneumonia or 
pulmonary infarction were treated by 
injection of calcium gluconate. The results 


are summarized in the accompanying 
table. All but 3 of the patients experienced 
definite relief of pain. Of the 3 patients 

Table 1. — Results of Intravenous Injections 
OF Calcium Gluconate in 30 Patient.s 
With Acute Pleuritic Pain 


DiagnosiB 

Pneumonia 

Pulmonary 

infarction 

Complete relief 

4 

0 

Partial relief . 

. 20 

3 

No relief . 

1* 

2 

Total patients 

25 

5 


* This patient obtained no relief of pain iidth 
intercostal nerve block. 

who were unrelieved, 2 were likewise unaf- 
fected by procain block of the intercostal 
nerves while the third experienced relief 
from that procedure. 

In only 4 of the 27 patients who obtained 
relief with calcium gluconate did the pain 
disappear completely and not return. 
Usually there was a very marked, but not 
complete relief; this was euidenced by 
easier, fuller respirations and ability to 
cough. The effect was eAudent within 60 
seconds after beginning of the injection. 
The residual pain was described by several 
patients as a dull aching, unrelated to 
respiratory movements. When the pain 
relief was not permanent, there was grad- 
ual return after a period of 30 to 60 min- 
utes. Tenderness and hyperalgesia of the 
chest wall or upper abdominal muscles 
were also relieved by calcium only to re- 
appear at the same time that the sharp 
pains on inspiration returned. In 10 
patients, a second injection of calcium 
gluconate was again effective in amcliorat- 
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ing this pain. Most of the patients in tin's 
series were subsequently given more last- 
ing relief by procain block of the inter- 
costal nerves,*’ or by ethyl ehloridc spray.’ 

The practical value of the use of calcium 
injection lies in its simplicity. It enables 
the patient to cough and produce .sputtim, 
often of importance in determining the 
etiology of the pleurisy, and facilitates 
physical examination of the chest. Fur- 
thermore, as stated above, permanent 
relief of the pain occurs in some instances. 

Discussion. In 1040, Buchthal and 
Clemmcscn^ reported electromyographic 
studies on patients with painful muscle- 
spasm. They demonstrated that various 
drugs, among them calcium salts, brought 
about relaxation of the muscle spasm, cri- 
denced both by palpable lessening of the 
spasm and by electromyographic changes. 
.‘Vt the same time, pain was relieved. 
Other reports have emphasized the fact 
that calcium injection has a definite effect 
in the restoration of normal muscle tone.'-” 

In 1928, Weiss and Davis’* obtained 
relief of pain in pleurisy by injection of 
procain into the skin at the site of pain 
and tenderness. Relief was immediate, 
often complete and permanent. Occasion- 
ally, after several hours, the pain returned 
and a second injection was necessary. 
They noted in several patients that relief 
of pain in one area resulted in its appear- 
ance at another site. This too could be 
relieved by intracutaneous injection of 
procain. They offered the suggestion that 
normal impulses from the skin play upon 
a focus in the spinal cord made irritable 
by increased afferent impulses from the 
pleura, and these are interpreted as pain. 

In 1939, Schnur*® demonstrated that 
injection of procain directly into the 
pleural cavity at the site of maximum pain 
likewise afforded immediate and sometimes 
lasting relief. 

Price” in 1943 reported the use of 
procain block of the intercostal nerves in 
pleurisy. He inferred that relief was due 
to block of the fibers carrying pain, and 
pointed out that often only one procain 
block gave permanent relief of pain. 


despite the fact that the duration of effect 
of this drug could not be more than a few 
hours. 

In 19-14, Kelly*’ pointed out similarities 
between chest pain associated m'th fibro- 
mj’ositis or muscular rheumatism and that 
nccompan\4ng the pleurisy of acute lung 
infections. Using the method of direct 
infiltration of the tender intcrcostiil mus- 
cles with procain, he was able to obtain 
relief of pain in both types of disease. He 
concluded that the role played by abnor- 
mal sensitirity of the intcrrostal muscles in 
pleurisy w.as an important one perhaps of 
major significance in the causation of the 
pain. 

Dyhdahl’ in 1944 described the relief of 
pleuritic pain by use of an ethyl chloride 
spray on the skin over the painful area. 
We also have been able to obtain striking 
relief with this procedure, many times 
complete and permanent. While Dybdahl 
recommended that a series of concentric 
frozen wheals be made at the site of pain, 
it has been our e.xperience, as well as that 
of others employing the spray for other 
conditions,’ that actual freezing of the 
skin is not necessary. The application of 
the spray for 20 to 30 seconds, producing 
only a transient cutaneous anesthesia is 
often ail that is required. 

The use of ethyl chloride .as a spray for 
relief of pain was first suggested by Kraus® 
in 1935 as a rapid treatment of painful 
distortions of joints. In treating ankle- 
sprains, one application of the spray may 
give lasting relief, if active motion of the 
joint is begun immediatelj’' and is con- 
tinued for a time.” Kraus suggested that 
momentary surface anesthesia in some way 
abolished painful muscle spasm and that 
continued active movement so restored the 
involved muscles to a normal or near 
normal state that spasm did not recur. 
Pajm*® in 1934 had described the so-called 
"chain” effect of painful muscle spasm. 
The chain consisted of sensory nerve, 
spinal cord, motor nervm, muscle and 
sensory nerve. Pain originating anjT^'here 
in the course of this chain leads to painful 
muscle spasm and the pain of the spasm 
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induces still more spasm and pain as the 
vicious cycle becomes established. If the 
chain can be broken at any point, the 
spasm is relieved and if the muscles can* be 
restored to a more normal state during the 
pain-free interval (by active movement), 
the recurrence of spasm can be prevented. 

That spasm of striated muscle can serve 
as primary source of pain was shovm by 
Kabat and Knapp” who employed ery- 
throidine for the relief of muscle spasm in 
acute anterior poliomyelitis. As spasm was 
relieved, pain disappeared. Wolff and his 
associates*®'^®'^^ in their extensive studies 
on pain mechanisms have demonstrated 
that certain types of headache are due to 
spasm of the muscles of the scalp and neck. 
McClellan and Goodelb® pointed out the 
importance of abdominal muscle spasm in 
pain associated with disease of the urinary 
tract. 

The relief of painful muscle spasm by 
curare has been demonstrated repeatedl 3 ^^° 
This drug seems to have a selective action 
on hypertonic muscles, relieving spasticity 
with little effect on muscles of normal 
tone.® We have had occasion to use curare 


in 2 patients suffering from severe pleuritic 
pain due to lobar pneumonia and in both 
of them the pain was alle\dated by this 
treatment. 

The foregoing observations together 
mth our results with intravenous calcium 
gluconate seem to indicate that a major 
portion of the pain associated -with pleuritis 
is due to a painful spasm of the intercostal 
muscles which perpetuates itself in a 
vicious cycle of spasm, pain, and more 
spasm. Relief by any method seems to 
depend upon interruption of this cycle at 
some point. 

Snmmaiy. Acute pleuritic pain was 
relieved in 27 of 30 patients by intravenous 
injection of calcium gluconate. This fur- 
nishes additional evidence that much of 
the pain of pleurisy is due to spasm of the 
intercostal muscles. 

A “chain-theory” of painful muscle 
spasm as postulated by Payr would e.xplain 
satisfactorily the relief of pleuritic pain by 
such varying methods as intracutaneous, 
intramuscular, and intrapleural injection 
of procain, intercostal nerve block, ethyl 
chloride spray, curare or intravenouscal- 
cium gluconate. 
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Theke is abundant evidence that cen- 
tral nervous system involvement occurs 
frequently during infection with the virus 
of mumps.*® Tliat it may be a constant 
feature of this infection is not unlikely. 
It has been observed to precede, accom- 
pany or follow salivary gland swelling, and 
sometimes to present the only manifesta- 
tion of mumps infection.®’®’’® ®^-^^ In most 
cases of mumps, symptoms of meningo- 
encephalitis do not occur or are mild. The 
frequency with which it has been recog- 
nized clinically has varied widely.®® How- 
ever, examination of the spinal fluid during 
mumps has revealed abnormalities in a 
significant proportion of each series of 
cases in which routine lumbar punctures 
were made.^'®-'-’®®-®® Experience would 
seem to indicate that involvement of the 
central nervous system during mumps is of 
little significance in the great majority of 
cases. Nevertheless, severe nervous system 
damage has been observed to occur. 

It is the purpose of this report to present 
the manifestations of central nervous sys- 
tem involvement which were observed 
during the course of mumps in 77 con- 
secutive cases in which lumbar punctures 
were done. The results of the study of 28 
of these patients have been preAuously 
reported in brief.®"* A patient is described 
in whom disabling residual nervous system 
symptoms persisted. 

Methods. Clinical observations and spinal 
fluid examinations were made on 77 con- 


secutive c.ascs of mumps which were obsen'ed 
in a U. S. Army General Hospital in England 
during the period November, 19^2 to April, 
1944. Most of the p.atients were young 
American soldiers. Tliirteen were American 
civilians, the oldest of whom was 45. All 
were men. The diagnosis of mumps was 
supported by the presence of parotitis 
in all but one patient; he had epididj-mo- 
orchitis. In those without sjmptoms of 
meningoencephalitis, an initial lumbar punc- 
ture was usually done between the 8th and 
12th day of illness. This time was chosen 
because it was belicA’ed that abnormalities 
were most likelj’ to be discovered at this 
mid-period in the disease.®"’®®"® If clinical 
erddence suggestiA'e of central nervous 
^’stem involvement appeared, lumbar punc- 
ture was performed at that time. Patients 
whose spinal fluid was abnormal had subse- 
quent lumbar punctures at lO-daj* intervals, 
in most cases, until the abnormality disap- 
peared. Examination of spinal fluid was 
performed immediatelj' after withdrawal. 
This included a total and differential cell 
count, qualitative test for increased globulin 
content b3' the method of Pandj' and quanti- 
tative estimation of sugar and chlorides. 
Quantitative protein determinations were 
made on the fluid of 45 cases. The generally 
recognized normal range was used in evaluat- 
ing the content of sugar, chlorides, and 
protein. Ewdence of central nervous sj'stem 
involvement was not considered established 
unless a pleocjdosis of 10 or more leukocjdes 
per cu. mm. of spinal fluid was present. 

Results. A summarj’’ of the incidence 
of central nervous system involvement 
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during mumps in this series is presented in 26 cases wlio had an increase in the number 
Table 1. Certain pertinent findings in the of leukocytes in the spinal fluid are tabu- 

Table 1. — Summary’ of Incidence of Centhae Nervous System In^"oia"ement 

IN 77 Cases of Mumps* 

Total number of patients _ 

Number who liad pleocytosis in spinal fluid 


Cases vith clinical evidence of meningoencephalitis 9(11.7%) 

Number with pleocytosis in spinal fluid 8 

Cases with no clinical evidence of meningoencephalitis .... 68 

Number witli pleocytosis in spinal fluid IS 

Proportion of patients without signs who had pleocjdosis . . 26.4% 

Number of patients in whom epididymo-orchitis occurred . . . 19(24 7%) 

Number in this group whose spinal fluid showed pleocytosis . . 8 

Proportion with epididymo-orchitis who had pleocytosis . . . 42 . 1% 


Number of patients with residual central nervous system sequel® . 1 

* Pleocytosis (10 or more leukocytes per c.mm. of spinal fluid) was arbitrarily regarded ns 
the requirement for evidence of central nervous system involvement. 

lated in Table 2. Nine (11.7%) of the total Pleocytosis in the spinal fluid occurred 
of 77 patients had symptoms suggestive of more frequentlj" in patients who also 
meningoencephalitis and 8 of these showed developed epididymo-orchitis, S or 42.1 % 
pleocytosis in the spinal fluid. The other of 19 cases. There was no correlation 
68 patients had no clinical evidence of between the number of cells and clinical 
meningoencephalitis, but 18 (26.4%) of evidence of central nervous system in- 
them had increased spinal fluid cell counts, volvement. 

CASE 26 G.P. ABE 26 


DN5ET BILATERAL PARDTITI5 24 HAY 1945 
ONSET HEADACHE MILO STIFF NECK 27 MAY 1945 



Pig. 1.— 'The couryc of a p.aticnt with mild symptoms of mcninpoencephaliti« and pleocyto'ic 

in spinal fluid. 


77 

26(33.7%) 



436 nnowN, kirkiand, hein: 

Taule 2 .— Summary ok 20 Patients With Evidence of Centiiai, Nervous System Invoi.vement 
• During Mumfs* 


ManifwtAtion'' of mump^ Contra! nm-na^ rplrm manifcrtatioa' 
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BUfit, 
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7.0 

101 

5 
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IS 

0 
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26 
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0 
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4* 

«( 
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32 
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20lh 
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1 
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R.C. 

29 

Bilal. 
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4.0 
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7 
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None 

None 

36 

32 

4* 


6th 

3S 











17 

13 

0 


13th 












7 

1 

0 


26th 


W. C. 

22 

Bibt. 

Unilat. 

6.0 

100 

5 
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None 

None 

35 

27 
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12th 

30 
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$ 
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2Sth 


C.T. 

21 

Bilat. 

Unilat. 

11.0 

105 

5 

None 

None 

None 

37 

33 
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10th 

42 
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13 
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7 0 

99 
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6 

“ 
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25 
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3 
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C.C. 

33 
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10.0 

lot 

5 
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None 

None 

47 

30 

+ 

44 

13th 

53 











16 

1C 
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23rd 


D.M. 

ou 

BUat. 
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3.25 

98.6 
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None 

None 

in 

10 

0 

» 

10th 
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20th 


C.D. 
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8.5 

S3 

4* 

it 

9th 
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3 
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26th 


F.D. 

34 
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None 

4.05 

101 

13 

None 

None 

None 

372 

312 

0 

it 

I4th 

39 











40 

35 
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21th 












6 

5 

0 


36th 


W.P. 

23 

Bilal. 

Unilat. 

13.0 

105 

6 

None 

None 

None 

33 

25 
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14tb 

39 











IS 

15 
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1 

1 
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36th 
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H.T. 

26 

Bilat. 
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5.05 
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•1 
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67 

G6 

•f 


12th 











12 

12 

+ 


25th 


T.J. 

22 

Bilat. 
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4,8 

99.4 
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None 

None 

None 

16 

16 

0 

44 

10th 

21 

G.P. 

26 

Bilal. 
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3,5 

101 

3 

Mod. 

Mod. 

Kernic 

289 

2S9 

+ 

44 

4th 

2S 
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3 

3 
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25th 

29 

H.H. 

23 

Bilat. 

None 

0,0 

102 

1 

None 

None 

None 

83 

66 

0 

44 

Sth 

W.K. 

28 

Unilat. 
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3.83 

102.6 
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Mod. 

Mod. 

Nausea 

262 

229 
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5th 

37 
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13 
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70 
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42 

26th 


J.L. 

23 

Umlat. 

None 

4.9 

98,6 


None 

None 

None 

29 

29 
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9th 

27 
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20 
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103.6 
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Mod. 

None 

Vomiting 
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iSo 
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69 
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IS 

18 


47 

2l5t . 



16 16 0 37 3Ist 

D. S. 23 BUat. None 5.5 103 6 None None None 41 35 0 60 10th 33 

9 9 + 100 2Ist 

W.S. 30 BUat. None 5.0 102.2 7 Mod. None Vomiting 13 13 0 37 12th 21 

S. K. 25 BUat. None 5.6 .. .. Severe Mild None 190 1S2 + S2 6th 30 

17 16 0 34 19th 

C. H. 24 None Bilat. 16.8 106 3 Severe Mod. Irrational 170 150 + 30 3td 12 

Residual 24 IS 0 45 23rd mos. 

Disability 4 4 0 35 list 

F.B. 40 Bilat None 7.2 102.2 6 None None None 200 ISO 0 49 11th 32 

3 3 0 . . 25th 

W.L. 20 Bilat. None 5.4 99.6 1 None None None 22 10 0 40 10th 21 

R. R. 20 Xlnilat. None 6.05 100 3 None None None 17 7 0 3S 9th 21 

C. B. 22 Bilat None 5.0 102 9 None None None 293 2S0 0 40 13th 31 

11 9 0 30 27th 

• Only cases with 10 or more leukocytes per c.imn. of spinal fluid are listed. 


The chloride and sugar content of the 
spinal fluid was normal in all patients and 
showed no significant change when other 
abnormalities were present. In the 45 
patients in which total protein was 
measured, it was over 50 mg. per 100 cc. 


in only 4 of the 11 who also had pleocytosis. 
There was no correlation between the level 
obtained and the degree of pleocytosis. 
The spinal fluid of 9 other patients had 
amounts of protein over 50 mg. per 100 cc. 
without increase in total leukocytes or 
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s^’^mptoms suggestive of meningoencephal- 
itis. The values obtained were 77, 54, 120, 
56, 53, 58, 102, 54, and 75 mg. per 100 cc. 
The significance of this isolated finding is 
not emphasized and the cases in which it 


was observed were not included in tabu- 
lating the incidence of central nervous 
system involvement in this series. The 
addition of these 9 cases to the list of 
those with evidence of meningoencephalitis 


MUMPS WITH C.N.S. SION8 


A.6.0. age 22 M.W. 

onset: Mov:, bhatera'l parotitis 
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Fio. 2. — Tlio course of a patient witli moderately pronounced symptoms of meningocnccplialitis and 

44 leukocytes per c.mm. of spinal fluid. 


MUMPS WITH C.N.S. SIGNS 

F.O. AOC, M.COL. 

onset: 18 MAV UNILATEBAl. PAROTITIS. NO OTHER SYMPTOMS 



Fm. Thi< p.ationt li.nd no clinical evidence of centra! nervous .system involvement. His spina! Quid 
I'ontained the Kroato.'t number of leukocytes of any in the series. 
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increases the incidence to 35 (45.5%) of a 
total of 77 examined. 

The clinical evidence of meningoenceph- 
alitis observed in 9 cases included head- 
ache, stiff neck, nausea, vomiting and 
\’crtigo, one or more in varying degree in 
each patient. E.xcept for 1 patient, to be 
described, tlic symptoms were mild and 
cleared rapidly. Relief of lieadacho and 
nausea occurred after lumbar puncture in 
nearly every instance. No significant 
neurological signs were observed. Figures 
1, 2, and 3 present the clinical course and 
the findings in 3 patients. The case repre- 
sented in Figure 1 had bilateral parotitis 
followed by mild stiff neck and headache, 
and the spinal fluid was abnormal. The 
one represented by Figtire 2 had similar 
symptoms and signs, but m'th more severe 
headaclie, stiff neck, and nausea. Fever 
and other symptoms disappeared rapidly 
after lumbar puncture. The patient in 
Figure 3 had mild unilateral parotitis, mild 
constitutional reaction and no symptoms 
referable to the central nervous system. 
His spinal fluid contained the greatest 
number of cells. 

The data on patients with pleocytosis 
in the spinal fluid are listed in Table 2. 
In general, the degree of pleocytosis dimin- 
ished rapidly within a few days but this 
was variable. The number of days in 
hospital for each patient is indicated. The 
duration of hospitalization was dependent 
upon the disappearance of abnormalities in 
the spinal fluid. Sjonptoms disappeared 
early. The patients were kept at nearly 
complete bed rest while abnormalities were 
present. It seemed reasonable to regard 
these changes, even though slight, as 
evidence of the presence of diffuse central 
nervous system involvement. The patients 
in whom the spinal fluid was normal were 
permitted activity when clinical signs of 
mumps had subsided and were discharged 
on the 20-21st day, in keeping with the 
policy of quarantine. 

One patient of the series has remained 
seriousl j’’ disabled following acute meningo- 
encephalitis. His course will be described 
in some detail. 


Case Report. The patient, a 24 year old 
white male, was well until October 3, 1943. 
On this day he developed mild sore throat 
and fever which was tliought to be due to 
pliaryngitis, endemic in the region at the 
time. TJie fever continued and he was 
admitted to tlic hospital on October 5. On 
this day the temperature rose to 105° F., 
the next day to 106° F. and the patient 
hccnnic irrational. Swelling of both testes 
was noted on this day. Examination revealed 
the patient to bo flushed and irrational. He 
la3' on liis side, knees drawn up, head sUghtiy 
retracted and neck moderatelj’ stiff. The 
phnrjmx was slightly reddened. The fundi 
and external ocular movements appeared 
normal. There was no enlargement of the 
sali\-arj' glands. Both testes were verj’ 
tender and twice normal in size. The 
abdominal reflexes were equal and active. 
The right patellar jerk was diminished and 
the right ankle jerk was absent. There was 
an abnormal plantar response, not a typical 
Babinsk) sign, on the right. The total 
leukocj'te count in the blood was 16,800 
per cu. mm.; P.M.H. 68%, Ij’inphocj'tes 
20%, monocj'tes 10%. Urinalysis was 
normal. The spinal fluid revealed: 170 
leukocytes per cu. mm., S0% I^TUphocytes; 
total protein: 30 mg. per 100 cc.; Pandy 
test: trace, chlorides 659 mg. per 100 cc.; 
Gold curve: 0001110000. Blood and spinal 
fluid Kahn tests were negative. The initial 
impression was acute epididymo-orchitis and 
meningoencephalitis due to mumps. During 
the next 4 daj's the temperature graduallj' 
became normal and remained so. The patient 
slowly became rational. After 2 weeks the 
mental confusion had improved but was still 
present. SwelHng of the testes disappeared 
in 1 week. By October 24 he was cooperative 
but slightly confused, euphoric but with 
lability of mood. Occasional uncontrollable 
tremor occurred of the right arm and head, 
especialty w'hen upset. His voice was harsh 
and hard to understand. Visualization of the 
larynx revealed general atony with incom- 
plete paresis of the adductor muscles. The 
gag reflex was absent. There was difiSculty 
in reading fine print, vision 20/60 J4 in both 
eyes. Pupils were equal and reacted nor- 
mally. Hearing was normal. There rvas 
marked ataxia with mild asterognosis and 
adiadochokinesia. The left patellar reflex 
was slightty more active than the right. 
Other reflexes, including abdominal and 
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cremasteric, were equal and active. General 
muscle power was diminished symmetri- 
cally. The testes appeared normal. 

After 2 months the patient’s judgment 
became more acute and euphoria diminished 
to be replaced by occasional episodes of 
depression. Speech was clearer and tremor 
of the right arm and head had disappeared. 
He was able to stand and take a few steps 
unaided, but ataxia remained marked. 
Vertigo was present on standing. Vision was 
not improved, the gag reflex remained absent 
and atony of the larynx persisted. Deep and 
superficial reflexes were equal and active. 
The right plantar response remained abnor- 
mal but did not represent a t3’^pical Babinski 
sign. 

The total and differential blood count was 
normal on October 26 and subsequently. 
Tliere was no anemia. Spinal fluid examina- 
tion of October 26 revealed 24 cells, 75% 
of which were l3mipliocj'’tes; total protein, 
45 mg. per 100 cc., Pand}-^ test negative; 
sugar, 66 mg. per 100 cc,, chlorides, 698 mg.; 
Gold curve, 0000000000. The spinal fluid on 
November 13 was normal. 

The famil3’' and past histor3'- was non- 
contributory. He had not previousl3’- had 
mumps. One contact developed typical 
mumps 2 weeks after onset of this patient’s 
acute illness. 

The patient was seen last on January 1, 
1944. At that time his condition was as 
described aboA’e. In a letter, received in 
April, 1947, the patient indicated that im- 
provement liad taken place slowl3’^ in the 
3-3’car interA'al, but that considerable resid- 
ual disabilit3' remained. 

In summary, this patient suffered from 
acute meningoencephalitis which occurred 
during the course of bilateral acute epi- 
didymo-orchitis, which was probabh' due 
to mumps. Specific antibod3' studies Avere 
not made. The possibilit3' that the enceph- 
iditis Avas caused bA- an unknoAvn intercur- 
rent virus eannot be eliminated. IManifes- 
tations of scA’ere central nerA-ous sA-stem 
damage, A\'ith slight tendenc3' to improA-e- 
ment, huA-e persisted for at least 31 3’cars 
since the acute episode. This case is pre- 
sented in some detail because of the likeli- 
hood that mumps Avas the cause of the 
serious central nervous sA'stem damage 
which resulted. 


Discussion. Man3' studies haA'e dem- 
onstrated that meningoencephalitis is a 
feature of The 

present report supplies an additional series 
of patients in AA'hich clinical and spinal 
fluid examinations indicated the .presence 
of central nervous S3’’stem immlA^ement in a 
significant proportion. It seems reasonable 
to belicA^e that eA’^er3’^ patient with mumps 
is subject to the neurotropic effects of this 
Aurus. The frequency and character of the 
manifestations of this inA'oh'^ement must 
depend upon unknoAvn indiA'idual factors. 
Enders and his colleagues haA'e dcA^eloped 
serologic and intradermal tests AAdiich haA'e 
made possible specific diagnosis of infec- 
tion Avith the A'irus of mumps.® The use of 
these methods has demonstrated that 
acute aseptic meningoencephalitis is fre- 
quentl3' due to this specific agent.®-^®'-^ 
The clinical significance of the neuro- 
tropic activit3' of the mumps A'irus is not 
clear. In the great majorit3' of cases of 
mumps only minor manifestations of 
encephalitis haA'e been discoA-ered, These 
cases are not folloAved b3' demonstrable 
central nerA'ous system injur3'. HoAvever, 
scA'ere encephalitis AA'ith residual disabiHt3' 
due to nervous S3'stem damage sometimes 
occurs. Cases of this kind are unusual but 
numerous instances are on record.®-'-’^’’®'”' 
18.20 Natalities haA'e been recorded. In a 
rcA'icAv of the literature Donohue found 10 
cases in AA’liich histologic studies of the 
nerA-ous S3’stem had been made; 7 of these 
AA'cre considered doubtful or inadequatelA- 
studied.' He reported one additional case. 
The morphologic changes in the remaining 
4 cases Avere A’ariablc but resembled those 
associated AA'ith post-infection encephalitis 
folloAving man3- diseases. The A-iew that 
scA'cre encephalitis aa-IucIi sometimes de- 
A'elops during mumps is due to the activa- 
tion of an unknoAA-n latent A-irus is AA-ideh- 
expressed."-®-''-® This is a reasonable 
liA-pothesis but is based upon circumstan- 
tial eA'idencc. Globus,'® after a corapre- 
liensiA-e study concludes: “Ba- placing side 
liA- side the A-arious forms of inflammatorA' 
diseases of the central nervous system, a 
striking confluencA- of all the encephaliti.-! 
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forms has been revealed, and it lias been 
suggested tiiat the minor iiistoiogical dif- 
ferences express mainly the degree rather 
than the character of the pathologic pro- 
cess, and it is not unlikely that we are 
dealing here with variations in intensity of 
the excitant and variations in local vul- 
nerability of the tissue rather than with 
the distinct types of causative agents.” 
In recent years, studies of encephalitis due 
to different specific viruses have demon- 
strated that morphologic cliangcs are vari- 
able. Since the mumps virus exhibits a 
definite neurotropic tendency it seems 
reasonable to suspect that it may occa- 
sionally be the primary specific cause of 
severe encephalitis. The sequence of 
events in the case reported in this paper 
suggested that all of the manifestations 
were due to the same agent. The question 
of the cause of encephalitis which occurs 
during many infections, including mumps, 
remains unsettled. The use of techniques 
now available will help to clarify the 
problem. In the management of pa- 
tients it would appear sensible to regard 
any manifestation of encephalitis during 
mumps with some concern. 

Many infections may be accompanied 
rarely by severe central nervous system 
involvement.®'*®'*®'-'"-’-®'^® This is usually 
classified as post-infectious encephalitis. 
However, manifestations do not always 
follow the primary disease but sometimes 
make their appearance beforehand.* Of 
the exanthemata, measles is most fre- 
quently complicated by encephalitis. 

There is a growing realization that 
invasion of the central nervous system, 
without clinical evidence of this involve- 


ment, may be a regular feature of many 
infections. For this reason the spinal fluid 
of 0 consecutive adult patients with 
measles was examined at the same time 
and under the same conditions as those in 
the study of mumps. Lumbar punctures 
were made between tlie 6th and j2th day 
of the disease. The spinal fluid cell counts 
were as follows: 26, 14, 11, 2, 1 and 0 
cells/cu. mm. The patient whose spinal 
fluid contained 26 cells/cu. mm. had nau- 
sea, vomiting, slight confusion and mild 
stiff neck. The other patients had no 
clinical e\’idence of central nervous system 
involvement. 

Study of the spinal fluid during infec- 
tions is the simplest aA’ailable means of 
investigating the presence of central nerv- 
ous system involvement. The information 
obtained is limited but helpful. Studies 
similar to those reported are needed to 
determine the importance of the neuro- 
tropic effects of many infections. 

Summary, TJie incidence and char- 
acteristics of central nervous sj’stem in- 
volvement was studied in 77 consecutive 
cases of mumps in which spinal fluid 
examinations were made. Pleocytosis (10 
or more cells per cu. mm.) was present in 
the spinal fluid of 26 (33.7%). Clinical 
manifestations of meningoencephalitis 
were recognized in 9 cases. These were 
mild in all but 1 patient. The course of 
this patient is described. He suffered 
disabling residual nervous system damage 
which has persisted for 3§ years. The 
problem of encephalitis which occasionally 
accompanies infectious diseases is briefly 
considered. 
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IS now a nrml}' established fact tliat 
the treatment of rats inth lyophilized 
anterior-pituitary (LAP) leads, under 
certain experimental conditions, to char- 
acteristic renal and cardiovascular le- 
sions’"-*®'*^-’® which are similar to those 
produced by desoxycorticosterone acetate 
(DCA) or various chronic non-specific 
stresses. The histologic changes have been 
pre\nously described the renal lesions 
are mainly characterized by enlargement 
and hyalinization of the glomeruli, forma- 
tion of hyaline casts, dilatation of the 
renal tubules and thickening and hyaline 
necrosis of arteriolar walls. These patho- 
logic modifications are considered to be 
similar to those described in the malignant 
type of arterial hypertension. This con- 
dition rsnll be referred to as nephrosclerosis. 

Previous work shows that a marked 
hypertension is part of the sjmdrome 
produced by DCA overdosage or chronic 
non-specific stress.”-*® Therefore we felt 
it important to determine whether the 
LAP nephrosclerosis would also be accom- 
panied by elevation of the blood pressure. 
Furthermore, since it is known that a high 
protein diet is indispensable for the 
development of LAP nephrosclerosis,® we 
considered it pertinent to investigate 
whether it would also be essential for the 
production of hypertension. Secondly, as 
it has been found that rats recemng a 

* A verbal preliminarj' account reporting on part 
1947. 


diet deficient m the heat-stable fraction 
of the vitamin-B complex develop an in- 
creased blood pressure*'® and that the 
kidney lesions produced solely by high 
protein diets may be favorably influenced 
by addition of t-itamins to tlie ration 
(see 3 for the pertinent literature), we also 
studied the possible protective effect of a 
few Autamins of the B-compIex against the 
LAP nephrosclerosis and hypertension. 

In the work described below we shall 
attempt to show that the LAP-nephro- 
sclerosis is accompanied by hypertension, 
and that a low casein diet is effective both 
in preventing the histological lesions and 
the elevation of the blood pressure. We 
also present some eAudence showing that 
an excessive amount of choline chloride 
tends to diminish the observed hyperten- 
sion. 

Methods. Nephrosclerosis was produced 
by a method pre%douslj’’ published.* The 
procedure consists in the subcutaneous ad- 
ministration twice dail}--, of 10 to 15 mg. of 
lyophilized anterior-pituitarj*, to unilaterally 
nephrectomized castrated male rats (B.W. 
40-80 gm.). If the animals are simultaneously 
given a 30%-casem, Mgh-NaCl diet® begin- 
ning nephrosclerosis is obtained at the end of 
21 daj's in almost all the rats. 

The blood pressure was estimated by the 
direct method; a small needle washed in 
heparin, and connected with an open 
mercurj' manometer, was inserted into one 

of this Tvork appeared in Federation Proc., 6. 182, 
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of the carotid arteries and the pressure read \4ousl3r elevated to the expected value of the 
as soon as the mercury level became con- blood pressure. 

stant. The determination was always per- The basic partially s)mthetic diets used 
formed under ether anesthesia. In order to throughout this investigation have already 
avoid undue bleeding of the animal, the been described in detail® and had the follow- 
mercury level in the manometer was pre- ing composition (Table 1) : 


Table 1.— Composition op Two Basic Synthetic Diets (Pahts, Per Cent) 



Diet 1 

Diet 2 


Supplements 

Casein 

30 

15 

1. Thiamine chloride 

0 S mg./lOO gm. diet 

Corn starch 

59 

74 

2. Riboflavin 

0 8 mg./lOO gm. diet 

Fat 

1 

1 

3. Pyridoxinc 

0 8 mg./lOO gm. diet 

Cod liver oil 

1 

1 

4. Ca pantothenate 

4 0 mg./lOO gm. diet 

Bulk 

1 

1 

5. Nicotinic acid 

1 0 mg./lOO gm. diet 

Sodium chloride . 

4 

4 

6. Choline chloride 

100 0 mg./lOO gm. diet 

Mineral mixture 

4 

4 

7. Tocopherol acetate 

10 0 mg./rat/weckly 


The major difference between the 2 diets 
consists in a decrease of the casein content 
from 30% in Diet 1, to 15% in Diet 2. 
The corresponding increase in the carbo- 
hydrate percentage in Diet 2, has been 
shown not to exert anj'' influence upon the 
incidence and severity of nephrosclerosis.® 
Except for the high proportion of sodium 
chloride, which is well tolerated, these 2 
diets are fairly close to optimal. 

The B-vitamins were supplied in the 
amounts indicated in Table 1; we will sub- 
sequontlj’’ refer to such concentrations as the 
"normal amount” of ^^tamins. When we 
say, for example, that 10 times the normal 
amount of choline chloride was added to the 
diet, we mean that instead of the 100 mg. of 
choline chloride per 100 gm. of diet, 1000 mg. 
per 100 gm. of ration were used. The same 
applies to the other factors studied. 


Experiments and Results. Dietary' 
Protein and Hypertension. Two 
groups of 10 castrated male unilaterally' 
nephrectomized, black and white rats, 
wdiose body weight ranged between 45 to 
60 gm., were given a 30% casein diet 
(Diet 1). Group 1 received 20 mg. of 
LAP, suspended in 10 % alcohol, in 2 dailj' 
subcutaneous injections, during 3 weeks. 
Group 2, acted as control and received no 
LAP. Two other similar groups of rats 
(Groups 3 and 4), were treated as Groups 
1 and 2 respectively', but were fed a 15% 
casein diet (Diet 2) during the e.xperi- 
mental period. At the end of 21 days the 
blood pressure was determined, and the 
animals were autopsied. The incidence 
and severity of the nephrosclerosis was 


Table 2.— Effect of the Casein Content of tub Diet on the Hypertension Produced by LAP* 

(Averages and Standard Errors)! 

Blood pressure 



No. 


Do^e of 
LIP 

Final 

Adrenal 

Trcight 

Kidney wt. 
mg./lOO cm 
of body 

N'cphro^clcro'i^ 

Incidence .Setentt 


Percentage of 
h}T>erlea'it c 

Groups 

rats 

Diets J 

(mp /daily) bodj- wl. 

(mg.) 

surface 

rc) 

(Uc) 

(mm Hg{) 

animals 

1 . 

I!) 

Ca'cin 


126 sfc 3 0 

2S 3 ± 0 7 

455 =fc 10 

0 

0 

12.3 ts- l.S 
(IS) 

0 

e 

,16 

soq, 

Casein 

20 

163 ± 3 0 

64 2 * 1 6 

8.5S * 49 

S': 

63 

145 4 ^ 
(24) 

65 

.1 

. 17 

15(7. 

Casein 


IM =•- 3 2 

25 0 ± 1 3 

379 12 

0 

0 

113 1 6 

0 

•« ... 27 IS'-c 

C.w;n 

* Ltopbil.ted anterior piluitarj. 

20 

154 =<= 3 6 

41 9 1 3 

491 ± 51 

11 

11 

lOS 4 I 

(14) 

0 


t Tlic ftaajud erecs ated in thii and rjb'oqui'at Tab'es ircre calctiblH by tic rqnat’on: 


\ n ta — 1) 

: D cX> 1 »rJ r. 

I PiAiirr^ in pnn'rll rrlr*’ to ri.r'lv'r of 
* njT'Ttfnf.ic .ntr.'nsrr 1" « I r-n IIs. 


i'd- 

li (n — D 
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calculated as previously described.^ The 
weight of the adrenals and kidneys was 
determined after fixation in "Suzii” mix- 
ture for 24 hours. Subsequently the renal 
lesions were also histologically evaluated, 
and expressed as a percentage of the max- 
imum possible. 

The first experiment was repeated 4 
times, but in the last 2 instances, the 
groups not receiving LAP were omitted. 
As the results were essentially the same, 
they are summarized conjointly in Table 2. 
The number of rats refers to those surviv- 
ing at the end of the experiments. 

Table 2 confirms the previously observed 
fact,® tliat the composition of the diet is 
an essential factor for the production of 
nephrosclerosis by anterior-pituitary over- 
dosage. While in the 15% casein group 
the incidence and severity of the renal 
lesions was very low, in the 30% casein 
group the incidence was 88% and the 
severity of the nephrosclerosis, 63%. In 
the control groups, not treated with LAP, 
the kidneys were entirely normal. More- 
over, according to our expectation, the 
blood pressure in the 30%, LAP treated 
rats, was far above the normal aver- 
age* and the rise statistically significant 
(P = <0.01). The value 145 =*= 4 (standard 
error) mm. Hg is not, however, a true 
figure because it is composed of 16 hyper- 
tensive plus 8 normotensive rats. The 
hypertensive average (average of the 16 
blood pressures liigher than 135 mm. Hg) 
is 157 4 mm. Hg which indicates, 

beyond any doubt, that the LAP nepliro- 
sclerosis is accompanied by a pronounced 
degree of hypertension. In this connection 
it is, however, indispensable to recall two 
facts: first, the direct method gives only 
the mean pressure which is much lower 
than the systolic; second, the observed 
elevation of the blood pressure was in- 
duced in a rather short period of time. 

The second striking fact observed was 
that among the LAP-treated rats, those 
on 30% casein revealed a rather high 


incidence of hypertension wliile in the 
15% casein group the blood pressure re- 
mained low. 

In our opinion these observations con- 
clusively demonstrate that below a min- 
imum protein content (about 15%) LAP 
hypertension and nephrosclerosis cannot 
lie obtained, at least under our e.xperi- 
mental conditions. 

Unexpectedly the comparison of the 
average blood pressure within the control 
groups, one receiving the 15% casein and 
the other the 30% protein ration, also 
reveals a statistically significant difference 
between both. Subsequently we proved 
that this difference had been due to the 
unilateral nephrectomy; intact animals 
treated with the same diets failed to 
present any difference between their blood 
pressures. 

The differences in kidney and adrenal 
weights confirm our preUous findings.® 
However, we want to emphasize the con- 
siderable difference in adrenal weight 
between Groups 2 and 4. It is statistically 
significant when calculated either in abso- 
lute terms or as a function of body weight. 
We believe that the parallelism between 
this pronounced adrenal enlargement and 
hormonal hypertension, is particularly 
noteworthy. 

Regarding the effect of diet alone on 
suprarenal weight, we wash to emphasize 
that in rats fed a 15 % protein ration the 
adrenal weight was 25.0 =*=1.3 (standard 
error) mg. ; on the other hand, in the ani- 
mals given a 30 % casein diet the adrenal 
weight was 28.3 =*= 0.7 (standard error) 
mg. The significance of this difference 
is dubious and if the adrenal weights are 
calculated as mg. per 100 gm. of body 
weight, the difference is not significant. 

Relation of the B-vitamins, to 
Htpektension and Nepheosclekosis. 

In order to evaluate the possible role of the 
B-vitamins in our experimental hyperten- 
sion and nephrosclerosis we first investi- 
gated the effect of the addition to the 


* The mean blood pressure in the control rats recehung Diet 1 was 123 * 7 (standard deviation) 
mm. Hg; therefore, a blood pressure of 123 =*= 14 mm. Hg (20) should include 95% of the normal dis- 
tribution, hence we felt justified in regarding 135 mm. Hg as the approximate highest limit of normal 
pressure. 
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diet of 10 times the “normal” amount of 
the B-vitamin mixture employed. As a 
small beneficial effect could be observed 
in this preliminary experiment, we re- 
peated it twice more and in subsequent 
work we decided to find out if the pro- 
tective effect would have been due to the 
vitamin mixture as a whole or to an 
individual factor only. To elucidate this 
point we planned some experiments in 
which the 30% casein diet was supple- 
mented with 10 times the “normal” 
amount of each factor individually in 
addition to the “normal” amount of the 
whole vitamin mixture. As among the 6 
B-^^tamins so investigated only choline 
chloridef seemed to be beneficial, this 
observation was also repeated 2 more 


times. Each group of rats consisted of 
10 animals treated exactly as in the experi- 
ments preAuously described; with the dif- 
ference that the diet was supplemented as 
indicated in Table 3. In this table only 
the groups which were fed the diets con- 
taining 10 times the “normal” amount of 
all the vitamins and the ones containing 
10 times the “normal” amount of choline 
chloride are tabulated. The results perti- 
nent to the other 5 vitamins (thiamine, 
riboflavin, p;^Tidoxine, calcium pantothen- 
ate, and nicotinic acid) are not listed 
because they were essentially negative. 
The groups treated with 30% casein but 
with “normal” vitamin supplements, are 
included in Table 3, for comparative 
purposes. Table 3 shows that the addition 


Table 3.— Effect of the Vitamin Content of the Diet on the Hypertension Produced by LAP* 

(Averages and Standard Errors) 


Blood prefsure 

Kidney wt. Nephrosclerosis . * 



No. 


Dose of 
LAP 

Final 

body 

Adrenal 

weight 

mg./lOO cm. 
of bodi' 

Incidence 

Severity 


Percentage of 
hj-pertensive 

Groups 

rats 

Diett 

(mg./daily) 

weight 

(mg.) 

surface 

(%) 

(%) 

(mm. Hgt) 

animals 

I . . 

. 27 

30% 

Casein 

10 X Vits. 

20 

156 ± 3 0 

59 3 1 8 

900 ± 47 

85 

57 

130 3 

(12) 

33 

2 

. 30 

30% 

Casein 

20 

163 * 3 0 

64 2 * 1 6 

858 ± 49 

83 

63 

145 ^ 4 
(24) 

60 

3 . . 

. 27 

30% 20 

Casein 

10 X Choline 
chloride 

163 * 3 2 

59 0 * 1.7 

731 ± 25 

75 

33 

126 ± 2 
(26) 

15 


• Lyophilired anterior pituitarj-. 
t Diets 1 and 2 plus indicated supplementation. 

) Figures in parentheses represent number of determinations. 
§ Hj’pertensivo average 157 ± 4 mm, Hg. 


of 10 times the normal amount of the 
vitamin mixture or of choline chloride to 
the diet produced a significant decrease in 
the hypertension. We do not attach much 
importance to this observation, however, 
because the amelioration of the kidney 
lesions was practically none. We believe 
that more work has to be performed before 
concluding that choline chloride is effec- 
tive in this type of hormonal hypertension 
and nephrosclerosis. 

Discussion. For the reasons outlined 
in the introduction of this paper, the 
observed concomitant development of 


LAP-nephrosclerosis with high blood pres- 
sure was to be expected and, in our 
opinion, it represents further erndence 
that the anterior pituitary hormones may 
play a role in the pathogenesis of arterial 
hypertension. This laboratory has re- 
peatedly defended the idea that non- 
specific stress, acting on the anterior lobe 
of the hj-jicphysis through an unknovm 
mechanism may be one of the stimuli 
which ultimately lead to a malignant type 
of hypertension. This aspect of the ques- 
tion has been recently reviewed in detail, 
emphasizing the central position of the 
liypophysis in the pathogenesis of arterial 


t Tho cLusvific-ution of ofiolinc dilorido anionp the B-vitamin.'^ has been judiciouslv criticized 
I'.. \\ . McHenry and .1. M. Patterson: PJiysiol. Rev,. 24. 12S-16T, 19-54 
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hypertension in particular and of the 
“diseases of adaptation’’ in generald^-'** 

On the other hand, the part played by 
the adrenal glands in the pathogenesis of 
LAP-nephrosclerosis has been firmlj' estab- 
lished, since this condition cannot be 
obtained in adrenalectomized animals.*^ 

The results presented in this communi- 
cation point to the diet as one important 
factor in the genesis of this type of hyper- 
tension but Y'e feel that its contribution is 
rather secondary as compared to the im- 
portance of the hypophyseo-adrenal sys- 
tem. In fact, ■sve are particularly impressed 
by the observation that in the high pro- 
tein groups the adrenals vere markedly 
enlarged vhen compared with the cor- 
responding glands of the low protein 
groups. It is probable that the diet merely 
aceentuates the corticotrophic action of 
LAP or increases endogenous mineralo- 
corticoid production to the hypertension- 
producing threshold, although available 
data does not permit one to favor any one 
of these assumptions. 

Experiments now under way show that 
the hypertension produced by DCA is not 
influenced by the diet in the same drastic ' 
manner as the LAP hj^Jer tension; animals 
receiving large doses of DCA develop 
nephrosclerosis and hypertension of almost 
equal intensity on diets containing 15% or 
30% casein. This seems to indicate that 
the part played by the high-protein diet in 
the LAP hypertension is predominantly, 
as we previously stated, to permit a pro- 
nounced enlargement of the suprarenal 
gland. 

The effect of dietary protein alone on 
adrenal weight has been investigated by 
different investigators. li^Tiile Tepperman, 
Engel and Long^'^ claimed to have found 
an increase in adrenal weight on a high 
protein ration, Benua and Howard^ and 
Ingle, Ginther and Nezamis® described 
negative findings and Leathern® first 
obtained no change and subsequently,*® 
a barely significant increase. Our o\\ti 
results are also inconclusive except under 


LAP treatment, when the difference was 
always striking. 

We do not believe that the results 
obtained with choline chloride indicate any 
relationship bet^veen our condition and the 
kidney lesions produced by choline de- 
ficiency. It has been established that 
1 to 2 mg. per day of choline chloride pre- 
vents the hemorrhagic kidnej'^ and even 
should a higher level of metabolism (in- 
duced in our rats by LAP treatment) 
increase choline requirements, the amount 
of choline chloride in our regular diet 
(100 mg. per 100 gm. of food) appears 
amply sufficient. 

Summary. In the present paper the 
authors present a series of experiments, on 
the nephrosclerosis produced after anter- 
ior pituitary overdosage. The work deals 
particularly witli the effect of diet (protein 
and B vitamin contents) upon the hyper- 
tension which accompanies this experi- 
mental condition. From the results the 
following conclusions were derived: 

1. The LAP-nephrosclerosis was con- 
comitant nnth a pronounced degree of 
hj'pertension in a high percentage of the 
animals, the hj^pertensive average being 
157 =i= 4 mm. Hg (standard error). 

2. The hypertension produced by LAP 
treatment on a 30% protein ration was 
prevented by decreasing the casein con- 
centration to 15%. 

3. Five vitamins of the B group, namely, 
thiamine, riboflavin, pjmidoxine, and cal- 
cium pantothenate, were inactive against 
the hypertension and nephrosclerosis but 
choline chloride had a slight beneficial 
effect if given in excessive amounts 
(1 gm. per 100 gm. food). 

4. A very pronounced adrenal enlarge- 
ment was always present in the hyperten- 
sive rats. 

5. There was no statistically significant 
difference in adrenal weight between ani- 
mals receiidng a 15- or a 30 %-casein diet. 
The difference was, however, highly signifi- 
cant if, in addition to the ration, the ani- 
mals were simultaneously treated with 
large amounts of anterior pituitary. 
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Death from tetanus may result from 
spasm of the respiratory muscles, toxemia, 
pulmonary complications secondary to 
oversedation, or the cumulative effects of 
e.xliaustion, dehydration and inadequate 
nutrition. Tetanic contractions contribute 
importantly to the manifestations of the 
disease and, in the past, the 5 ' have been 
treated usually by heavy sedation. The 
use of large amounts of sedatives is asso- 
ciated with a high incidence of pulmonary 
complications. Moreover, sedatives often 
fail to control adequately tetanic seizures. 
Curare, by blocking the transmission of 
the nerve impulse at the myoneural junc- 
tion, reduces muscle spasm and results in 
marked muscular relaxation. Thus, it 
should be a valuable adjunct in the man- 
agement of tetanic contractions. As long 
ago as 1894 Hoche^ employed curare in the 
treatment of tetanus. More recently Cole,* 
Mitchell,^ and West® have used either the 
crude drug or its chief active principle, 
curarine. However, in the past curare was 
not extensively employed in treating tet- 
anus because the available preparations 
varied greatly in potency and the response 
to a given dose was unpredictable. In 
1943 Cullen and Quion,^ using a highly 
purified preparation of curare, satisfactor- 
ily controlled tetanic seizures in one pa- 
tient. Pure preparations, standardized by 
biological assay, are now commercially 
available. The following case reports 
demonstrate the value of curare in the 
management of tetanus and illustrate a 
dangerous complication induced by it in 
one instance. 


Case Reports. Case 1. A 40 year old 
laliorer was admitted to Vanderbilt Univer- 
sity Hospital, January 7, 1947, complaining 
of stiffness of the jaws and neck; 15 days 
prewously he had crushed his right finger 
between two railroad ties. Tetanus antitoxin 
was refused because on several prerious 
occasions nausea, chills and fever had fol- 
lowed its administration. The wound became 
infected locally without lymphangitis or con- 
stitutional symptoms. He felt well until 3 
days before admission when he awoke with 
slight stiffness of the neck and jaws. There 
developed gradually increased muscular irri- 
tability. Sudden noises or jarring caused 
generalized painful muscular contractions. 
These sjTnptoms steadily increased in sever- 
ity. Eighteen hours before admission he 
became unable to urinate. 

The past history was not remarkable 
e.xcept that in August, 1945, and on several 
previous occasions, he had received tetanus 
antitoxin follovdng a minor miur}\ 

Physical examination revealed a well- 
developed and nourished man who was in 
moderate discomfort. The neck was stiff 
and trismus prevented opening of the mouth 
more than 1 or 2 cm. There was generalized 
muscular hyperirritability. Slight jarring of 
the bed caused painful muscular spasms and 
dj'spnea. The tip of the right ring finger was 
lacerated and pus was exuding from beneath 
the nail. The heart and lungs were normal. 
The abdomen was tense and the rectus 
muscles were spastic. All of the tendon 
reflexes were hyperactive. 

The white blood cell count was 19,000/cu. 
mm. with 73% segmented forms. 

Hospital course: Following a negative in- 
tradermal skin test for hypersensitiveness to 
horse serum, the patient was given 45,000 


* Intocostrin is a curare preparation, standardized by biological assay, containing 20 units per cc. 
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units of tetanus antitoxin intramuscularly. 
Under sodium pentothal anesthesia the 
necrotic skin and the medial portion of the 
nail of the infected finger were cut away. 
Clostridium tetani was cultured from the 
d^brided tissue. A filtrate of the culture of 
this organism produced con^'lllsions in mice. 

During the first 3 hospital days the patient 
remained moderately ill. The rectal temper- 
ature rose to 101.8° F. dail}'' and there were 
frequent painful generalized muscular spasms 
accompanied by slight dyspnea. Catheteriza- 
tion of the bladder was necessary because of 
urinary retention. 

The' first injection of 60 units of intocos- 
trin* was given on the morning of admission. 
It was followed immediately by marked sub- 
jective improvement and moderate muscular 
relaxation. Hyperirritability gradually re- 
turned and a second dose of 20 units was 
given after 1| hours. A total of 9 intravenous 
injections of intocostrin,* ranging between 
20 and 60 units each and averaging 40 units 
each, were given during the first 4 hospital 
days. Sodium phenobarbital was admin- 
istered at frequent intervals and he received 
several injections of codeine for the painful 
muscular contractions. Penicillin in doses of 
30,000 units at intervals of 3 hours was 
administered for 17 days. The doses of 
curare which were employed in this case 
were not sufficient to control the muscular 
contractions complete^^ throughout each 24 
hour period. Nevertheless, the results ob- 
tained indicated conclusiveb^ that curare 
caused muscular relaxation and alleviated 
the painful spasms and that it was more 
effective than codeine in controlling pain. 
The subjective relief provided bj' it was more 
impressive than Avere the objective signs of 
improvement. 

The patient made an uneventful recoA'ery 
and was discharged 19 daj's after admis.sion 
to the hospital. 

Case 2. A 38 year old caretaker Avas 
admitted to Vanderbilt UniA'ersity Hospital 
on February 23, 1947. On February 16 he 
noted stiffness of the neck and jaws, slight 
trismus and headache. He remained ambu- 
latory until the day before admission Avhen 
he e.xperienced dysphagia, inability to open 
his mouth, generalized muscular stiffness and 
dyspnea. He bad several painfvil tetanic 
seizures. There AA-as no history of injuiy. 
He had noA-er recei\Td tetan\is toxoid or 
antitoxin. 


The past history was non-contributory. 

He AA'as acutely ill and sAveating profusely. 
Cyanosis Avas marked. The temperature was 
100° and tachycardia was present. There 
Avas evidence of dehydration. There Avas 
marked opisthotonus, trismus, nuchal rigid- 
ity and generalized muscular rigidity. The 
characteristic sardonic facies was present. 
Speech AA'as not impaired. The respirations 
AA-ere labored and stridulous although move- 
ment of the thoracic cage AA^as almost imper- 
ceptible. The abdomen AA-as board-like and 
the lumbar muscles Avere in a completely 
rigid state. The jaAvs could be opened only 
2 cm. All of the deep reflexes Avere hyper- 
active. Over the knuckle of the right index- 
finger there Avas a superficial abrasion 1 cm. 
in length Avhich Avas coA'-ered b}-- a dry crust. 

The white cell count AA-as 16,500, of AA^hich 
86% Avere neutrophils. Lumbar puncture 
revealed normal cerebrospinal fluid. Cultures 
from the abrasion on the finger did not yield 
Clostridium tetani. 

Hospital course: From the outset it Avas 
apparent that larjmgeal spasm was sev-ere 
and a factor in the production of the marked 
dyspnea and C 3 'anosis. Within a 4 hour 
period, 140 units of intocostrin Avere giA'en 
intraA’-enously in divided doses. After suffi- 
cient intocostrin had been giA'cn to oA-ercome 
the lar 3 mgeal and generalized muscle spasm, 
it became necessarj'^ to hold the tongue for- 
AA-ard. OtherAvise, it fell back in the mouth 
and occluded the glottis. HoAACA'er, respira- 
torj' paralj'sis did not occur. At interA-als 
oxj-gen was administered bj- mask. Initially, 
the accumulation of secretions in the phaiy-nx 
proA'cd troublesome. Atropine appeared to 
be helpful in its suppression. 

The patient e.xhibited negatiA-e skin reac- 
tions to hor.'^e .serum and 40,000 units of 
tetanus antitoxin AA-ere administered intra- 
muscularly. Penicillin in doses of 30,000 
units intramuscularh' CA-er 3 - 3 hours AA-as 
also given. Intocostrin Avas cmploj-ed in 
doses of 40 units intramuscularh- at 4 hour 
interA-als Avith complete control of muscle 
spasms and trismus. Sodium phenobarbital 
0.24 gm. daih', AA-as administered. He was 
kept fairly comfortable on this therapeutic 
regime and Avas able to take food bj- mouth 
and to A'oid and defecate normalh-. 

The patient .'^IoavIa- recoA-ered. He Avas 
giA'cn 10,000 units of tetanus antitoxin daih- 
for 4 daA-s, during Avhich time the tempera- 
ture remained slichtly eloA-ated. Penicillin 
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was discontinued on the 9th hospital day. 
Our supply of intocostrin became exhausted 
on the 9th day of treatment and for 16 hours 
none was administered. During this period 
nuchal rigidity and trismus reappeared and 
there were several mild muscular spasms. 
With the reinstitution of curare treatment 
these sj'mptoms promptl}’^ subsided. Into- 
costrin was discontinued on the ISth hospital 
day. The patient was then able to sit beside 
the bed and in a day or so became ambula- 
tor}" on the ward. He had completely re- 
covered when discharged from the hospital 
34 days after the onset of the illness. 

Comment. The cases reported above 
demonstrate that curare is effective in 
controlling the most distressing manifesta- 
tions of tetanus, ms., painful muscular 
contractions. Whether or not treatment 
witli this drug will lower the mortality 
rate in tetanus remains to be seen. 

Curare acts at the myoneural junction 
by blocking the transmission of the nerve 
impulse. This action is due to the inability 
of the curarized muscle cell to respond to 
acetylcholine.® The release of acetylcho- 
line by the neural impulse is not prevented 
by curare but the response to tliis chemical 
mediator is blocked. This blocking is not 
due to a paraljdic action of curare because 
the involved cells are still capable of re- 
sponding to electrical and other chemical 
stimuli.® 

The principal dangers in the administra- 
tion of curare are the development of 
paralysis of the muscles of respiration, 
paralysis of the tongue, and the accumula- 


tion of mucus in the air passages. In 
Case 2 muscular relaxation was so marked 
that the tongue dropped back and oc- 
cluded the glottis. Mucus accumulated in 
the respiratory tract and was also a 
troublesome development. 

Our experience w'ith curare in these cases 
and the limited e.xperience of others as 
recorded in the literature on the subject 
lead us to formulate the following state- 
ments regarding its use; The chief danger 
is weakness or paralysis of the muscles of 
respiration. Therefore, constant attention 
is mandatory. Neostigmine and physostig- 
mine are physiological antagonists to cur- 
are and act immediately to relieve respira- 
tory paralysis induced by it. One of these 
preparations should be kept by the bed- 
side at all times while curare is being 
employed. Since these drugs increase 
bronchial secretions, atropine should be 
administered concomitantly. Artificial 
respiration may be life-saving when respir- 
atory paralysis results from treatment with 
curare. • It must be provided promptly and 
expertly until the curare antagonist, neo- 
stigmine, can be administered. 

Summary. Two cases of tetanus treated 
with a curare preparation are reported. 
The efficacy of this drug in controlling 
tetanic seizures and painful muscular con- 
tractions is confirmed. The management of 
certain untoward reactions to curare when 
employed in the treatment of tetanus is 
discussed. 


We wish to express our appreciation to Dr. Benjamin H. Robbins, Professor of Anesthesiology, 
Vanderbilt University School of Medicine, for his helpful advice in the administration of curare. 
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This study was undertaken to determine 
the degree of coronary sclerosis that occurs 
in patients suffering from calcareous aortic 
stenosis. Similarly the subjective symp- 
toms of the patients were studied to 
determine to what degree they might be 
related to tire existence and degree of 
coronary sclerosis. 

Procedure. The material chosen for study 
consisted of the clinical histories and nec- 
ropsy specimens in 100 cases of calcareous 
aortic stenosis selected with a view toward 
getting a representative number of cases in 
each age gi'oup. Stenosis of the aortic valve 
was graded according to the degi'ee of occlu- 
sion of the aortic orifice. Less than 25% 
occlusion was designated as Grade 1; 25 to 

Table 1.— Pbequency of Occurrence of Symp- 
toms AND Signs in 100 Cases or Cal- 
careous Aortic Stenosis 


Dyspnea 

Cases 

. . C9 

Harsh basal systolic murmur 

. . GO 

Enlarged heart,* 

. . 53 

Hypertension .... 

. . 29 

Anginal type of pain . 

. . 2S 

History of tonsillitis , 

27 

Orthopnea 

2G 

History of arthritis 

. . 25 

History of rheumatic fever . 

19 

Sudden death 

. . IS 

Postprandial distress! 

. . 15 

Dizziness 

12 

Jaundicot 

4 

History of choreaf 

2 

History of syncope 

. . 1 


* Comp.nrc the incidence of cnhirged heart 
given hero with tliat indicated by tlic moan heart 
weights in T.able 3. In spite of clinic.al findings 
the heart is always found to be enlarged at 
necropsy oven in the milder grades of stenosis. 

t Not associated with any demonstrable lesion 
in the g.astro-intcstinal or biliary tracts. 

f In neither of those c.t^cs was there a history 
of rheumatic fever. 


49% as Grade 2; 50 to 74% as Grade 3 and 
75% or more as Grade 4. The grading of the 
degree of sclerosis of the coronarj’- arteries 
was done in the same manner as was also 
the grading of aortic sclerosis. In addition 
the hearts were studied in the gross for evi- 
dence of hypertrophy and for the presence of 
areas of old or recent myocardial infarction. 

Incidence of Symptoms and Signs in 
100 Cases (Table 1). Syvi]){oms. The 
most commonly occurring symptom in this 
series was dyspnea, which occurred in 69 
of the 100 cases. 

The next most common symptom was 
angina pectoris, which occurred in 2S cases. 
The term “angina” was applied only to 
those cases in which there was a definite 
histor 5 ’^ of retrosternal or substernal pain 
brought on by exertion and relieved by 
rest. In 10 of these cases mild grades 
(1 and 2) of aortic stenosis were exhibited 
while in 18 cases severe grades (3 and 4) 
of aortic stenosis were e.xhibited. Of these 
28 cases, in 10 an additional complaint of 
postprandial abdominal distress in the 
form of mild pain, bloating and "indiges- 
tion” was made. 

Also in 5 other cases in the series (not 
associated with angina) there was com- 
plaint of postprandial distress. In none 
of these 15 cases was any associated dis- 
ease of the biliary or gastro-intestinal 
tracts demonstrable either clinically or at 
necropsy. 

The s\unptom of orthopnea was en- 
countered in 26 instances. Dizziness was 
noted 12 times and the complaint of 
s\Ticopc occurred in only 1 patient. 


* .VbruJgmpnf of imri of n thc'is submitted by Dr. Horan to the F.aculty of the Graduate School 
of the University of Minnc-ot.i in partial fulfillment of the requirements for the degree of M S in ^fedi- 
cine* 
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Signs. A harsh loud basal systolic mur- 
mur typical of calcareous aortic stenosis 
was heard in 60 patients, an atypical 
(usually an apical systolic) murmur was 
recorded in 19 cases and in the remaining 
21 no murmur was recorded on the clinical 
histories. 

Enlargement of the heart was noted 
clinically in 53 cases. Jaundice not asso- 


ciated with any clinical e\'idence of disease 
of the liver or biliary tract was noted in 
4 cases and, in these, other signs of heart 
failure such as rales or edema were con- 
comitant findings. 

Electrocardiographic tracings were made 
in 52 of the cases (see Table 2). As would 
be expected the most constant findings 
were those suggestive of changes in the 


Table 2. — The Electrocardiographic Findings in 52 Cases of Calcareous Aortic Stenosis* 

Stenosis, grade 



1 

2 

3 

4 

Cases 

Essentially normal tracing 

. . 1 

1 

1 

2 

5 

Left axis delation 

. . 3 

4 

4 

1 

12 

Left ventricular strain 

. . 2 

4 

3 

6 

15 

Left bundle-branch block 

. . 1 

1 

3 

1 

6 

Auricular fibrillation . 


2 

1 

1 

4 

Auricular flutter .... 



2 


2 

Right axis devdation 


1 

2 


3t 

Right ventricular strain 

. . 1 

2 

1 


4t 

Qj Ts pattern 


1 



1 


* In these cases inverted Ti was encountered twenty-one times, inverted Ts fifteen times and inverted 
Ts twenty-one times. 

t In these cases there were associated mitral lesions. 


myocardium of the left ventricle as exhib- 
ited in the 15 cases in which frank left 
ventricular strain was evident and in the 
12 cases in which merely left axis deviation 
was noted.^'^ 

Pathologic Conditions in the Heart 
AND Blood Vessels Found in Associa- 
tion With Calcareous Aortic Stenosis. 
Degree of Aoriic Sfenosis Contrasted With 
Degree of Coronary Sclerosis. It is to be 
noted from Table 3 that in general, in 
accord with the findings of Dry and 
Willius,® there seemed to be a tendency 
for the degree of coronary sclerosis in this 
series to be inversely proportional to the 
degree of aortic stenosis. In 7 cases, 
obliteration of 25 to 75 % of the lumina of 
the ostia of the coronary arteries was 
noted and of these 7, angina pectoris 
occurred in only 2 cases. 

Incidence of Hypertension. Hyperten- 
sion was noted in 29 cases. Of these, 
results of funduscopic examinations were 
recorded in 21 cases; 1 of these examina- 
tions gave negative results, 2 revealed 
senile changes and the remaining 18 dis- 
closed typical hypertensive changes. In 3 
cases in which hypertension was not de- 


tected by the sphygmomanometer, changes 
in the retinal arterioles characteristic of 
hypertension were found and in these 3 
cases cardiac hypertrophy was noted at 
necropsy. 

In 10 of the cases of hypertension 
in which characteristic retinal arteriolar 
changes were evident and in 4 of the cases 
in which results of funduscopic examina- 
tion were not recorded, angina pectoris was 
present. 

Associated Myocardial Infarction. In- 
farction of the myocardium either old or 
recent was found in 20 cases. In 7 of 
these the infarction was associated vuth 
both hypertension and angina pectoris, m 
5 with angina pectoris alone and in 7 with 
hypertension alone. In the remaining case 
there was neither hypertension nor angina 
pectoris. 

Cause of Death. Sudden death occurred 
in 18 cases. Of these, pulmonary emboli 
were found in 6 cases and 1 patient died 
apparently as the result of a reaction to 
plasma transfusion. The remaining 11 
patients died either as a result of acute 
coronary insufficiency or death was m 
some way associated with calcareous aortic 
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Table 3. — Comparison of Grade of Aortic Stenosis With Grade of Aortic Sclerosis, Mean 
Weight of Hearts, Mean Degree of Coronary Sclerosis and Incidence of 
Ostial Narrowing by Age Groups in 100 Cases of Aortic Stenosis 


Age 


Aortic stenosis 

Aortic sclerosis 

Hearts 

Coronary sclerosis 

Ostial narrowing 

(years) 

Cases 

(grade) 

(mean degree*) (mean gm. wt.) 

(mean degreet) 

(cases) 

Under 40 

3 

3 

1 

626 

1 

1 

40-49 

3 

1 

2 

425 

2 



1 

2 

2 

685 

1 



5 

3 

1 

627 

1 



3 

4 

2 

795 

1 

1 

50-69 

3 

1 

3 

427 

3 



10 

2 

2 

494 

2 



7 

3 

2 

655 

2 



4 

4 

2 

696 

1 


60-69 

7 

1 

2 

455 

2 

1 


3 

2 

3 

385 

2 



5 

3 

2 

483 

1 



4 

4 

2 

717 

2 

1 

70-79 

13 

1 

3 

387 

2 

1 


6 

2 

3 

476 

3 

1 


8 

3 

3 

637 

2 



4 

4 

3 

556 

2 


80-89 

6 

1 

3 

418 

3 



2 

2 

3 

565 

3 

1 


3 

3 

3 

447 

2 



0 

4 






* The degree of arteriosclerosis of the aorta in this series seemed to be dependent on age rather than 
to bear any direct or inverse relation to the degree of stenosis of the aortic valve, 
t All the coronary arteries exhibited some degree of sclerosis. 


stenosis.* The primary cause of death 
in 42 cases was some pathologic condition 
of the heart; 58 patients died of other 
causes. 

Comment. Calcareous aortic stenosis 
is a disease of the aortic valve which 
usually becomes manifest in later life. 
Stenosis of higher grades is almost invari- 
ably characterized by a harsh systolic mur- 
mur over the aortic area together with a 
coarse systolic thrill palpable anteriorly in 
the second and third right intercostal 
spaces; the diagnosis is further substan- 
tiated by the absence of the second aortic 
sound although this latter finding is not 
necessary for the diagnosis. In the lower 
grades or milder forms of stenosis the 
diagnosis may be made by demonstrating 
calcification of the aortic leaflets or the 
aortic ring on roentgenoscopic e.xamina- 
tion. The other diagnostic criteria are well 
known and need no further discussion.*® 

Although in this series a positive history 
of rheumatic fever was elicited in only 19 
cases and a positive history of chorea was 


elicited in 2 additional cases, nevertheless 
the weight of endence supports the view 
that calcareous aortic stenosis is a conse- 
quence of rheumatic fever.*"® 

The work of others has shown that the 
lesion in question is usually found in per- 
sons in the older age groups.®-*®-** Confir- 
mation of this was not possible in the 
present series since the cases were selected 
with a ^^ew tow-ard getting a representa- 
tive number of cases in all age groups. 
However, in selecting these cases for study 
the impression was gained that in the great 
majority of all cases of calcareous aortic 
stenosis the lesion is first discovered when 
the patient is from GO to SO years old. 

The relative mildness of calcareous 
aortic stenosis when compared with mitral 
stenosis is attested to by (1) the length of 
time between the actual attack of rheu- 
matic fever and the clinical recognition of 
the vahnilar lesion and (2) by the fre- 
quency of occurrence of death from non- 
cardiac causes (more than 50 Sr;)- 
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The anginal type of pain which occurred 
in 28 cases was fairly uniformly distributed 
not only with reference to the various 
grades of stenosis but also with reference 
to the various age groups. The degree of 
coronary sclerosis on the other hand 
seemed to be, in a measure, inversely pro- 
portional to the degree of aortic stenosis. 
In all age groups there was more or less 
tendency for the higher grades of aortic 
stenosis to accompany the lower grades of 
coronary sclerosis and for the lower grades 
of stenosis to accompany the higher grades 
of coronary sclerosis. No conclusion as 
to a cause and effect relationship between 
aortic stenosis and angina pectoris can be 
dra'wn from this, however, since it is knovm 
that even in the absence of an aortic 
lesion, necropsy studies in a case in which 
the patient exhibited a severe anginal 
syndrome during life may, in rare in- 
stances, reveal only minimal coronary 
sclerosis. Conversely patients who never 
complained of angina may have coronary 
sclerosis, Grade 4, which is observed at 
necropsy. 

Hypertension may occur in calcareous 
aortic stenosis with the same frequency as 
it does in other organic heart diseases. In 
this series the incidence of hypertension 
was 29 %; 8 of these patients had Grade 1 
stenosis of the aortic valve; 9, Grade 2; 
8, Grade 3; and 4, Grade 4. From fundu- 
scopic studies in this series there is no 
reason to believe that the hypertension 
associated with calcareous aortic stenosis 
differs in any way from ordinary essential 
hypertension since 18 of the 21 pairs of 
fundi which were studied showed changes 
typical of essential hypertension. No 
retinal vessels in the series exceeded a 
Grade 2 narrovdng or a Grade 2 sclerosis. 
White and Jones'^ in 1928, in a study of 
3000 patients with cardiac symptoms, 2421 
of whom had organic heart disease, found 


the incidence of hypertension to be 29.2% 
among those with organic disease. 

The fact that 10 cases of angina pectoris 
occurred in association with the less severe 
grades of coronary sclerosis (but more 
severe grades of aortic stenosis) and that 
18 cases of angina occurred in association 
with the more severe grades of coronary 
sclerosis (but less severe grades of aortic 
stenosis) suggests that the degree of 
coronary sclerosis does not explain all the 
mechanisms operating in the anginal syn- 
drome. Other factors to be taken into 
consideration are; (1) the complete clinical 
picture which includes such points as age, 
pain threshold of the patient, presence or 
absence of an associated disease such as 
diabetes, hypertension, and so forth, and 
the presence or absence of a valvular 
cardiac lesion particularly of the aortic 
valve; and (2) the complete pathologic 
picture, which not only includes a study 
of the coronary arteries and their ostia 
but also the degree of scarring and hyper- 
trophy of the myocardium and the degree 
of dilatation of the cardiac chambers. 

Summary. A study of 100 cases of 
calcareous aortic stenosis is presented with 
particular reference to the degree of 
coronary sclerosis and the incidence of 
clinical symptoms and signs. 

Some degree of coronary sclerosis was 
present in every case and this degree was 
found to be, in a measure, inversely pro- 
portional to the degree of aortic stenosis. 

The most common clinical symptom was 
found to be dyspnea which occurred m 
69 % of the cases. 

Of the patients 29% exhibited hyper- 
tension and 28% complained of anginal 
tjqje of pain. 

Infarction of the myocardium was ex- 
hibited in 20 % of the cases. 

Sudden death occurred in 18% of the 
cases. 
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Thalassemia” (Cooley’s anemia, Medi- 
terranean anemia) is an inherited hemato- 
logic disorder which, as its name implies, 
is limited almost entirely to racial groups 
originally living around the IMediterranean 
Sea. In the United States it is not infre- 
quentlj”^ seen in immigrants of Mediterra- 
nean stock and in their descendants. The 
disease exists in 2 forms: the severe, pro- 
gressive, and almost invariably fatal form 
originally described by Cooley and Lee,* 
and the genetically, related but milder 
form which has been the subject of numer- 
ous reports in the medical literature of 
recent years.-'®-’'*-®'”’'*-'*^ It has been sug- 
gested that the term “thalassemia major” 
be applied to the former and the term 
“thalassemia minor” to the latter.*® This 
is in keeping with the close genetic and 
hematologic relationship of the 2 condi- 
tions,® •®’*® and indicates that while thej' 
are qualitatively essentially similar, quan- 
titative differences in severity exist. Thal- 
assemia major occurs about one in each 
2400 births to persons of southern Italian 
or Sicilian stock in Rochester, New York, 
while thalassemia minor occurs about once 
in 25 such births.® 

The more qualitative hematologic char- 
acteristics of thalassemia minor are becom- 
ing well recognized. It is a condition dis- 
tinguished by the occurrence in well-nour- 
ished persons of hj'pochromic, microcytic 
erythrocytes, not infrequently oval in 
shape or appearing as “targets” on the 
stained blood smear. Basophilic stippling 
is common. The hemoglobin values and 
volume of packed erythrocytes are usually 


but not invariably below the normal range. 
By comparison the total number of erj’th- 
rocytes is disproportionately high. The 
erythrocytes characteristically show in- 
creased resistance to hemolysis by hjqjo- 
tonic saline. There may or may not be 
leukocytosis, reticulocytosis and elevated 
icterus index, or splenomegaly. In Italian 
subjects with thalassemia minor studied in 
Rochester, New York, leukocytosis and 
elevated icterus indices have been unusual 
and reticulocjd;osis of only slight degree. 

The present report represents a statis- 
tical analysis of the hematologic findings 
in 82 subjects with thalassemia minor and 
is prompted by the apparent desirability 
of further clarification of the more quanti- 
tative aspects of this not uncommon dis- 
order of the Mediterranean peoples. The 
data on which the paper is based have 
been compiled almost entirely from Italian 
subjects residing in Rochester, New York, 
or its environs and have been presented in 
part in previous publications.®-*® In most 
instances these subjects were from south- 
ern Italian or Sicilian stock. In order to 
evaluate more adequately the hematologic 
defect, there are included similar studies 
on normal members of family groups m 
which thalassemia occurs. These normal 
indiUduals presumably share the same 
hereditar}-- and en\’ironmental background 
as the subjects with thalassemia minor 
and are therefore especiallj’ suitable for 
comparison. 

Methods. The hematologic studies were 
in every case made by one or the other of 


* The major portion of the obsen-ations on which this paper is based were made wliiie the authors 
were associated in the Department of Medicine of the University of Rochester School of Medicine 
and Dentistry and the Medical Clinics of the Strong Memorial Hospital and the Rochester Municipal 
Hospital, Rochester, New York. 
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the authors. All blood samples were ob- 
tained with careful attention to avoiding 
stasis or hemolysis and were placed in 
bottles containing both potassium and am- 
monium oxalate in the proportions suggested 
by Heller and Paul.'* In blood so collected 
there is no alteration in the volume of the 
erythrocytes. In almost all instances eryth- 
rocyte counts were done in duplicate and 
averaged. Only Bureau of Standards certi- 
fied equipment was used. Hemoglobin de- 
terminations were made according to the 
method of Sahli employing carefully cali- 
brated hemoglobinometers. The volume of 
packed erythrocytes was determined by 
centrifuging a properly filled Wintrobe 
hematocrit tube at 3000 r.p.m. for 1 hour. 
No subject in which there was any question 


of the diagnosis was included in the analysis. 
Similarly no subjects were included in which 
known coexistent disease might distort the 
blood findings. In the majority of instances 
family group studies were made. 

Presentation op Data. Tlie data are 
best presented in tabular and graphic 
form. Table 1 indicates the means and 
standard deviations of the hematologic 
variables subjected to analysis. The data 
is broken down into different age groups 
since well-recognized physiologic varia- 
tions from normal adult A'alues are found 
in children of different ages. In the adult 
groups females and males are analyzed 
separately. In all groups 14 years of age 


Table 1. — Means and Standard Deviations of Hematologic Variables for Normal and 
Thalassemic Subjects From the Same Italian Family Groups 

% eabne 
at which 

R.B.G. Volume of complete 

Ilcmoglobin (millions packed R.B.C. M.C.V. M.C.II. M.C.H.C. hcmolj’sis 
(gm. %) per c.mm.) (%) (c^) (mit) (%) occurs 


Ased 

Group 

N 

Mean 

<r 

Mean 

a 

Mean 

(T 

Mean 

O’ 

Mean 

O’ 

Mean 

a 

Mean 

1- 4 

Normal 

5 

13 1 


4 50 


37 9 


83 5 


29.1 


34 5 


0 30* 


Tbalasscmio 

9 

11 4 


5 72 


30 4 


03 8 


19 9 


32 4 


0 21 

5- 0 

Normal 

3 

13 0 


4 72 


39 9 


84 8 


29 1 


34 1 


0 30 


Tlialaascmic 

0 

11 7 


5 88 


37 4 


04 0 


20 0 


31 3 


0.23 

10-14 

Normal 

4 

14 2 


4.70 


40 0* 


84 2* 


30 4 


35 7* 


0 31* 


Thalassemic 

9 

12 0 


5 95 


37 3 


03 8 


20 C 


32 3 


0 22 

Adult 

Normal 

21 

Ifi 2* 

1 27 

5 27* 

0 550 

45 8* 

2 42 

87 0* 

0 13 

30 9* 

2 35 

35 3* 

1 89 

0 31 *0 022 

males 

Thalaseemic 

27 

13 5* 

1 35 

0 12* 

0.020 

42 1* 

3 SO 

09 0* 

4 97 

22 0* 

1 73 

32 0* 

1 59 

0 23* *0 027* 

Adult 

Normal 

21 

14 l=t 

0 90 

4 07* 

0 414 

40 0* 

2 19 

87 4* 

5 81 

30 4* 

2 29 

34 7* 

1 37 

0 31 *0 014 

females 

Thalasscmie 

31 

11 8± 

I 15 

5 59* 

0 430 

37 3* 

2 88 

07 0* 

0 02 

21 2* 

2 29 

31 7* 

2 00 

0 23 *0 029 


All age groups with the exception of adults include both males and females. 
N, number of subjects. <r, standard deviation. 

• Based on 1 less tlian N. 


or younger females and males are grouped 
together. The numbers included in cer- 
tain age groups are so small as to render 
.statistical constants of little significance. 

l^igure 1 indicates graphically the popu- 
lations of hemoglobin values for individu- 
als with thalassemia minor as compared 
with individuals from the same family and 
racial groups not having thalassemia 
minor. In both the normal and thalas- 
seinie groups feintiles are designated by a 
different symbol thiin intiles. 

Figure 2 .shows the % of individuals 
above 15 years of age having hemoglobin 
values within the arbitrarily designated 
ranges. The control figures given were 
as in Table 1, dcrivetl from the non-thalas- 


seinic members of the same family groups 
Figure 3 indicates the % of individuals 
having erythrocyte counts within arbi- 
trarily designated ranges. The data are 
analyzed for the same individuals and in 
the same manner as in Figure 2.- 
Discussion. The present analysis serves 
to underline and to quantitate some of the 
already recognized features of thalassemia 
minor. It can readily be seen from the 
table and figures that individuals with 
this condition have a definite and signifi- 
cant hematologic defect in comparison 
with normal members of the same family 
groups, and this difference is already well 
established in childhood. On the average 
in adults of both sc.xes this defect amounts 
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to a deficiency of -2 to 3 gm. of hemoglobin 
per 100 cc. of blood. It is also readily 
apparent that this defect is superimposed 
on the normal patterns of male and female 
blood pictures. Thus males with thalas- 
semia minor showed substantially higher 
hemoglobin values than did females simil- 
arily affected. This difference was of the 
same order of magnitude as differences 
observed between normal males and fe- 
males in the same study. 

The marked tendency for all indi\4duals 
with thalassemia minor to have an ele- 
vated erythrocyte count is strikingly 
shown in Table 1 and Figure 3. The mean 
values for erythrocyte counts in both fe- 
males and males are well above those 
found in normal individuals even in the 
face of the substantially low hemoglobin 
values. This tendency to “ polycythemia” 
has been commented upon before but in 
Rochester Italians it is almost uniformly 
a charaeteristic part of the pattern. Thus, 
including both males and females only 2 
out of 58 adults with thalassemia minor 
has erytlirocyte counts below 5,000,000 
per c.mm. In 48.3% of thalassemic fe- 
males and 85.8 % of thalassemic males the 
counts were above 5,500,000 per c.mm. 
The tendency to “polycythemia” was, as 
might be expected, more prominent in 


males, 57 % of whom had red cell values 
in excess of 6,000,000 per c.mm. 

The mean corpuscular volumes and 
mean corpuscular hemoglobins are, of 
course, markedly below normal. The 
mean corpuscular hemoglobin concentra- 
tion is, on the other hand, not nearly so 
markedly lowered as are the first 2 con- 
stants. This means that while the indi- 
vidual cells are of markedly low volume 
and hemoglobin content, each cell for its 
volume is only moderately deficient in 
hemoglobin. Stated othervnse, each unit 
of cell contains only moderately less hemo- 
globin than each unit of a normal erythro- 
cyte, but the cells themselves are small 
in volume. 

It must be remembered that the data 
presented are based on studies made from 
relatively homogeneous racial stock in a 
single American city. The individuals 
studied are almost uniformly of southern 
Italian or Sicilian extraction. It may be 
that racial factors alter the characteristic 
pattern in other Mediterranean peoples. 
The data probably represent a suitable 
cross-section of the usual hematologic 
findings in the racial groups studied. 

The biologic significance of the degree 
of hematologic defect exhibited bj' indi- 
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Fig. 1.— Indi\-idual hemoglobin values observed in normal and thalassemic members of the same 

family groups. 
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viduals with thalassemia minor has been ciency of comparable severity. Just what 
discussed in a previous report.® It is the defect means in terms of meeting such 
difficult to assess but most probably these increased liematopoietic demands as preg- 
individuals have approximately the same nancy, blood loss, and infection is not 
handicap as an individual with iron defi- now known. 



HEMOGLOBIN IN GRAMS PER CENT 


Fig. 2. — Per cent of norninl and thalassemic individuals from the same family proups having hemo- 
globin values within various designated ranges. Only individuals 15 or more years of age are included 
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ERYTHROCYTE COUNTS IN MILLIONS PER CU.M.M. 

Fig. 3. — Per cent of normal and thalassemic individuals from the same family groups havdng erythro- 
cyte counts within various designated ranges. Only individuals 15 or more years of age are included. 
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Great advances in the therapeusis of 
a disease have an unfortunate tendency 
to discourage fundamental research, and 
to create an impression even among criti- 
cal minds, that the disease in question 
being now " in the bag ” there is no further 
occasion for hunting. In the case of 
sj'philis, and indeed of all the venereal 
group of infections, such a reaction is 
particularly unfortunate; for these dis- 
eases carry in their own biology and clini- 
cal course the means of their indefinite 
perpetuation. The inconspicuous onsets, 
and prolonged period of infectivity in 
which little incentive to diagnosis and 
treatment exists, as well as the margin 
of non-cure (still existent in syphilis at 
least) assures the transmission of the 
infection to fresh individuals, and the 
maintenance of a reservoir. Before the 
venereal diseases are conquered an im- 
munizing procedure must be developed, 
a vaccination of high if not absolute 
effectiveness, to protect the originally un- 
infected person through long periods if 
not through life; and to prevent reinfec- 
tion, which is now suspected of being a 


loophole through which magnificent cure 
possibilities leak away to relatively un- 
satisfactorj’^ epidemiologic results. 

The field of needed research is a large 
and inviting one, to which, for example, 
2 recent reviews by Beerman*® '’ have 
directed attention. The clinical mechan- 
isms underlying the symptomatology of 
syphilis are so far from understood as to 
justify the maintenance for years of clini- 
cal centers for the study of such problems 
as the nature of latency, the meaning of 
serologic tests in relation to the biology 
of the disease and its cure, the non-specific 
mechanisms of bodily reaction (serologic 
false positives) and of defense against 
infection. The calm assumption that rea- 
gin is a substance; that antisyphilitic 
drugs exert their entire effect directly 
upon the organism of the disease without 
the intervention of intermediate agencies 
provided by organ and tissue function in 
the host, and by cellular and biochemical 
(even enzymatic) agents indispensable to 
therapeutic effect, are familiar examples 
of syphilologic naivete. The only inter- 
mediates thus far given even a hearing 
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have been Levaditi’s" bismoxyl, gluta- 
thione and most recently the “spreading 
factor,” hyaluronic acid. The basis of 
crippling symptoms such as the lightning 
pain and the gastric crisis of tabes, both 
often at their worst after the serologic 
signs of activity of the disease have been 
reduced to negative is wholly unknown. 
More than 40 known conditions give rise 
to a serologic reaction in the blood similar 
to that of syphilis; almost nothing is 
known about the false positi^’-e in the 
spinal fluid. All the therapeutic agents 
used in syphilis, including mercury, bis- 
muth, iodide, the arsenicals, penicillin and 
fever are effective against conditions as 
widely different from syphilis as lichen 
planus and subacute bacterial endocardi- 
tis. Disease due to fungi, to a wide 
range of bacteria, to protozoa, and to 
the allergic state, responds and under 
some circumstances fails to respond to 
treatment for syphilis in as yet unex- 
plained fashion. Many of the clinical 
problems presented by syphilis particu- 
larly in the field of infection allergy are 
capable in their study and solution, of 
throwing much light on human diatheses 
which are still obscure. Even the influ- 
ence of climate has its important syphil- 
ologic aspects, side by side vdth diet and 
endocrine balance and function. Such 
statements only touch the surface of the 
possibilities. 

It is evident then that to the investi- 
gator with intestinal fortitude and ingenu- 
ity, there is no excuse for retiring from 
the clinical or the experimental field 
offered by sj^philis. The purpose of this 
review, to some extent supplementary to 
Beerman’s’"’*’ is to indicate directions, 
particularly in the study of the causative 
organism, in which the demand for more 
work is imperative. 

Before opening the discussion, it is 
well to call attention to 2 basic investiga- 
tional warping factors that are sometimes 
underestimated. They crop up in the 
proceedings of meetings more often than 
in the actual literature. These are the 
interpretation of in riro as compared with 


in vitro results, and the transfer of infer- 
ences based on animals, directly to the 
behavior of man. Bottled and test-tubed 
spirochetes are by virtue of their lack of 
virulence, an artificial product, whose very 
identity is often controversial (discussion 
of the Reiter strain, for example). The 
asymptomatic infection of the rat and 
the symptomatic disparities between the 
course of syphilis in the rabbit and in man 
particularly with reference to the more 
serious late manifestations are illustrations 
of vital differences in behavior and host 
parasite relationships that affect final 
conclusions on the applicability of ex- 
perimental results to man. 

Cultivation of Virulent Treponema 
PALL inmi. It is generally conceded that > 
this ultimate and fundamental desid- 
eratum has not been achieved. The 
problem of cultivation alone, whether of 
virulent (animal to medium) organisms or 
of long-standing avirulent strains is highly 
complex and involves control factors 
easily overlooked. Frazier mentions the 
maintenance of anaerobiosis as becoming 
increasingly difficult as the use of turbidi- 
metric methods of estimating growth are 
applied {c. g., agar cannot be used as the 
basic medium). VTiiteley and Frazieri* 
used sodium thioglycolate as the agent of 
choice. These investigators rate albumin 
as the common essential ingredient of the 
fluid eonstituents of spirochetal culture 
media. From this point, working with 
the Reiter strain, thej’' have succeeded in 
producing a clear medium with only known 
chemical ingredients which satisfies the 
nitrogen, carbohydrate and vitamin re- 
quirements for the grovdh and subculture 
of the Reiter strain of T. pallidum. From 
such a stable controllable base as this, 
the problem of what constitutes or fosters 
growth and perhaps virulence in a culture 
medium can presumably be attacked. 

Approaching the problem from a differ- 
ent direction, are the attempts to grow 
virulent T. pallidum in the chick embryo 
as described by Sterzi and Staudacher,’^ 
Callaway and Sharp,® V'ile and Snow*’ 
and Vile and Johnson.®®” None of this 
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work has progressed farther than to show 
that T. pallidum can be kept alive and 
virulent in the chick embryo for periods 
ranging from 2 hours to 8 days (1 experi- 
ment in 5). Evidently the conditions 
are in the main adverse under present 
techniques, and the fact of growth has* 
not been demonstrated. Steinhaus and 
Hughes®® have found an unknown spiro- 
chete in hen tissue and chick embryos as 
a complicating interpretative factor. The 
preservation of virulence under freezing 
conditions has been demonstrated by 
Turner^®'" up to 1 year in solid CO 2 and 
alcohol at —78° C., and has its applica- 
tion in the use by Magnuson ci in 
attempted immunization by Ijmphilized 
organisms (see below). Probey®^ has re- 
cently reviewed the existing literature on 
the viability and virulence problem in 
lyophilized serum and has shown that 
T. pallidum becomes avirulent during the 
deep-freezing and drying process. Besse- 
mans®*‘* and Kast and Kolmer’® have 
called attention to morphologic change in 
T. pallidum as it adapts itself to life in 
culture as against life in viw, the thicker 
forms and flatter curves being associated 
with culture and the thinner more mobile 
forms with the struggle for existence in 
tissue. 

Speaking with the presumption of clini- 
cians on offering suggestions on laboratory 
problems, it would seem to us that the 
problem of virulence will be advanced 
toward solution by (1) a study of morpho- 
logic differences between virulent and 
avirulent living spirochetes to which the 
electron microscope lends itself; (2) devel- 
opment of a technique of mass cultivation 
of avirulent spirochetes such as has so 
substantially advanced the study of the 
chemistry of the tubercle bacillus and the 
pneumococcus; (3) mass isolation of large 
numbers of virulent T. pallidum from giant 
syphilomas (granuloma tissue chancres) 
in rabbits for chemical studies; (4) study 
of the effect of changes in the chemical 
and physical constitvition of media on 
morphology, longevity, motility and ulti- 
mately \-irulence of both virulent and 


avirulent spirochetes; (5) and passage of 
T. pallidum through specific tissues to 
modify its virulence and to develop 
tropisms; this to include utilization of 
tissue culture and tissue extracts, and 
even hormones for such purposes. 

The Syphilitic Ultra virus Problem. 
The existence of some form of ultramicro- 
scopic agent in the pathologic mechanisms 
of syphilis has long seemed a theoretical 
necessity. Conspicuous arhong the phe- 
nomena to be explained are the apparent 
absence of spirochetes in infective lymph 
node material, the paucity of spiral organ- 
isms in the tissues of latent infections, 
and in late syphilitic granulomas, whose 
infectivity could only be demonstrated by 
animal inoculation. The attempts to 
prove an explanation have involved the 
assumption of a life cycle for the organ- 
ism, with a difficultly demonstrable gran- 
ular or resting stage; and the positing of 
an ultramicroscopic, filter-passing trans- 
mutation form of virus, alternative to the 
spirochetal form so long familiar in dark- 
field and tissue preparations. Pre-World 
War II investigators busied themselves 
mainly with observations and theorization 
regarding a life cycle (Warthin and 
Olsen, Ingraham” and Stokes.®®) The 
post-war studies have shown a sm’ng 
toward the virus type of hypothesis, under 
the impetus furnished by the electron 
microscope, by the studies of mouse-brain 
filter-passing inocula and indirectly by 
demonstrations or announcements in other 
fields of the transmutation of other bac- 
teria {EbcrihcUa typhosa, streptococci 
and of Leptospira ictcroidcs) from a visible 
to an ultramicroscopic form. It would 
seem specially important tliat such an- 
nouncements as those of Kendall” and 
of Rosenow and OftedoF"® on I'irus or 
ultravisible transmutations by alteration 
of growth media be put to the test on 
existing strains of spirochetes as soon as 
such studies as those of Whiteley and 
Frazier*® have led to a synthesizable and 
controllable growth medium. Meanwhile 
the electron microscope has demonstrated 
intraspirillar granules and confirmed the 
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existence of the spore-like bud or knob 
described by investigators on microscopic 
evidence. It may well be hoped that the 
mode of reproduction of spirochetes will 
now be clarified, including the long- 
desired proof of growth of a spirochete 
from a Meirowsky^®®’'’’'''* or argentophile 
or spirochetogenic granule. Whether the 
intrafilamentous granules demonstrated by 
the electron microscope in the photographs 
of Mudd ct Morton and Anderson,^^ 

Wile and Kearney,®^ Wile, Picard and 
Kearney^ are degeneration products of a 
virus transmutation may perhaps also be 
determined (C/. Levaditi'®*’). Bessemans 
ct al.^ long a vigorous opponent of the 
ultramicroscopic phase concept, has at- 
tacked the problem with a micromanipu- 
lator with as yet inconclusive results. 
Levaditfi*®'^^ considers the evidence of the 
existence of an ultrafilterable virus inade- 
quate, on the basis of experiments in the 
infectiousness of the suspensions passed 
through collodion membranes of various 
meshes. He concludes that the syphilitic 
infectious agent will not pass meshes 
which should pass true ultraviruses. In 
a comparative studj' of several species 
of spirochetes, Seguin^ believes he has 
proved that the conversion of a filter- 
passing spirochetogenic granule into a 
spirochetal filament is a common trans- 
formation among spirochetal organisms. 

Johnson and Wile’s'^ observations on 
the infectivity of filtered mouse-brain sus- 
pension in “carrier” mice are of particular 
interest as defining some of the conditions 
under which transmission in the absence 
of visible spirochetes and under various 
grades of filtration may take place. 
Johnson and Wile’s experiments showed 
that mouse-brain added to infective sus- 
pensions of sj’philitic rabbit testicle 
inhibits their infectiousness, and that 
infectiousness of mouse-brain tissue itself 
is lost bj' passage through a coarse Mand- 
ler filter. 

These 2 investigators had previously 
proved that mouse material capable of 
transmitting the disease contained neither 
spirochetes nor histologic changes char- 


acteristic of syphilis. Wile’s'*® most recent 
study indicates that the non-visible agent 
can be carried through as many as 4 pas- 
sages from mouse to mouse without be- 
coming visually demonstrable and that 
the pooled suspension of mouse liver, 
‘spleen and gonads in which it is present 
retains its virulence longer than does the 
brain emulsion. 

In the summary of the invasion mecha- 
nism given below, mention will be made 
of studies in the minimum inoculum of 
spirochetes that -will transmit the disease, 
which offer an explanation based in the 
infection potentiality of small numbers of 
spiral organisms, the alternative concep- 
tion of an ultravisible form, to account 
for transmission by apparently spirochete- 
free suspensions. 

The search for spirochetal forms and 
derivatives, and a possible ultravirus in 
tissue is making slow headway. Stroesco 
and Vaisman,®® in Levaditi’s laboratory, 
have developed a silver impregnation 
method applicable to frozen section only, 
by which it was shown that spirochetes 
are demonstrable thus far only in infected 
mice of the first generation, and are few 
in number. They are not present in 
second and later inoculations. Lepine 
told Wile in a personal interview that 
these spirochetal forms were in his opin- 
ion non-virulent and that he believed, 
from a large experience, the infection was 
carried from mouse to rabbit by an infra- 
visible or granular stage of the organism. 
The development of freezing microtome 
methods producing exceedingly thin sec- 
tions and frozen dried preparations (Wy- 
coff^®'*), and using satisfactory high- 
speed microtomes already commercial!}' 
available, should make possible the libera- 
tion of the search for spirochetal life 
cycle forms and for the ultravirus in 
tissue from some of the artefacts or al- 
leged artefacts in fixed and stained tissue 
confusable with them. The boldest ex- 
pression to date on the matter of ultra- 
^•irus in tissue from late syphilids was a 
recent statement of Rakhmanov and 
Mashkilleison** before a local Philadelphia 
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meeting— that of the Philadelphia Chap- 
ter of the American-Soviet Medical Society- 
on Sept, 24, 1945, which, however, in the 
American Review of Soviet Medicine, was 
toned down to an “under investigation” 
level. The best summary currently avail- 
able of T. pallidum life cycle or other 
variants in tissue is that of Olsen,®” one of 
Warthin’s pupils and co-workers. 

The Invasion Mechanism. Via the 
grapevine and cloakroom discussion at 
meetings, it is becoming clear that the 
transmission of syphilis, not to mention 
gonorrhea, to man by inoculation even 
by the “normal” mechanism of se.x'ual 
exposure to infected contacts is not a 
simple or unvaryingly successful affair. 
It has long been suspected that the rise 
and fall in the incidence of syphilis in 
populations and countries is conditioned 
by other factors than the mere prevalence 
of infective exposure; but apart from some 
guesses as to the role of immunity con- 
veyed by the peak of the preceding 
“epidemic” wave, in producing a fall of 
incidence, no conception of the mecha- 
nism of resistance to infection has arisen. 
It is to be hoped that the details of 
experience in the Guatemala project 
under Mahoney’s”® direction will not be 
withheld from publication by diplomatic 
or other considerations. 

Pending further information on factors 
governing resistance to invasion, the 
increasingly clear demonstration and ac- 
curate timing of the spread of spirochetes 
from their inoculation site should be 
noted. The data reviewed by Turner^”'* 
and tlie observations of Levaditi, Vaisman 
and Rousset-Chabaud'® which are couched 
in terms of days, are merely confirmatory 
of the painstaking work of earlier investi- 
gators including Brown and Pearce.® 
Kolle and Evers'® brought the time of 
dissemination from inoculation site to 
regional lymph node down to minutes, 
the average of several investigators’ re- 
sults ranging around 35 minutes (Besse- 
mans,-* Levaditi'® and others), hlahoney 
and Bryant”' showed that actual invasion 
of the intact mucosa of the preputial sac 


of the rabbit required 3 to 4 hours, but 
they were obliged to use cotton packs 
impregnated with the spirochetal emul- 
sion, a situation hardly comparable to 
“physiologic” inoculation. It may be 
be seen that in all this experimental work, 
now a decade or more old, little has been 
accomplished toward the delineation of 
the conditions in man under which infec- 
tion does or does not follow exposure. 
Frankl® as well as Charpy” showed that 
the T. pallidum can be present in the 
normal skin of syphilitics without pro- 
viding any of the histologically recogniz- 
able stimulus to lesion formation. 

That the size of inocula, that is, the 
number of treponemes by actual count, 
influences invasion and infections as far 
as symptomatic character is concerned, 
has been one of the interesting develop- 
ments of the decade. The studies all 
suffer from a common element of uncer- 
tainty in that they accept the spiral 
organism as the infectious element and 
give no consideration to the possibility 
of an accompanying ultramicroscopic in- 
vader (see summary above on mouse- 
brain inoculation). In 1943, Thomas and 
Morgan" carried out pioneer e.xperiments 
on isolation and attempted inoculation 
of single T. pallidum obtained under dark- 
field with the Chambers micromanipula- 
tor. They failed to secure infection with 
doses of 1 to 6 organisms. They con- 
cluded, however, that a negative tissue 
transfer does not preclude the presence 
of T. pallidum in the inoculum or the 
absence of syphilis in the source animal. 
As a condition on the use of lymph node 
transfer, as a test of infection one must 
now recall the reported statement of 
Bessemans made in discussion of Moore 
before the Microbiological Congress, in 
Copenhagen (1947), on criteria of pen- 
icillin cure, that a transfer may be nega- 
tive at 6 months but positive after 2 years. 

The whole subject of inoculation on 
mechanism has been materially advanced 
by the presentation at the April 1947 
symposium on Recent Advances in the 
In\-estigation of Venereal Diseases, Wash- 
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ington, D. C., of the observations of 
Magnuson, Eagle and Fleischman^® on 
the minimal infectious inoculum of the 
Nichols strain of T. ‘pallidum. This study 
reviews the literature, goes carefully 
into the mathematic estimation of the 
error of the methods employed by the 
authors and reaches the conclusion, con- 
trary to Thomas and Morgan's, that 1 
or 2 treponemes per inoculum are regu- 
larli^ infectious for 47% of rabbits intra- 
testicularly inoculated. Two treponemes 
introduced through the skin are infectious 
for half the inoculated animals. A grad- 
ually ascending percentage gradient of 
successful inoculation was demonstrated 
as a function of increasing size of inoculum, 
up to 100% with 200,000 organisms. The 
incubation period of the animal infections 
was the same for inocula from 1 to 100 
organisms (35 to 41 days) but fell sharply 
above that level to 27 days with 10,000 
treponemes and 17 days with 200,000. 
The study indicates the importance of 
time factors in removal and inoculation, 
and the concentration of serum and tissue 
extractives in the inoculum. 

Again, wthout minimizing the great 
importance of such tangible experimental 
results, it must not be forgotten that they 
deal with inoculation and invasion condi- 
tions probably quite different from those 
prevailing in the “natural” inoculation of 
man. 

The Asyjiptomatic Infection and 
Carrier Problem. “Is a lesion and in 
particular a spirochete-rich lesion, essen- 
tial as source to the human-to-human 
contact transmission of syphilis” phrases 
the eminently practical form that this 
problem takes in the epidemiology of the 
, disease. "Can an asymptomatic individ- 
ual transmit the disease?” and “^^^lat is 
an asjTnptomatic infection?” are 2 prac- 
tical collaterals that must be constantly 
kept in mind. The late Dr. Warthin 
never tired of insisting that latency is a 
combination of undercover activity and 
of reactionlcss symbiosis, for which he 
used the “miliary gumma” or microreac- 
tion in the wall of the aorta (whose ability 


to produce animal inoculation' syphilis 
has recently been demonstrated by Hu, 
Liu, Chen and FrazieP”) and the hordes 
of treponemes in the apparently normal 
muscle of the heart of the congenital 
syphilitic, as respective illustrations. 

Bessemans^® has pro^^ded one of the 
best summaries of the essentials of 
asymptomatic infection in the rabbit, still 
weighty after a decade, and quotable 
from the abstract in Venereal Disease 
Information as follows: “He finds that 
there are a number of factors involved, 
some of them in the parasites and some 
in the host. The number of cases of 
asymptomatic syphilis is increased by 
anything that limits the virulence of the 
parasites. Young strains, for instance, 
cause a higher percentage of asymptomatic 
cases than older ones, as if the progressive 
adaptation of the parasite to the host 
increased its virulence. The number of 
parasites used seems also to have an 
effect, though there seem to be excep- 
tions to this rule, and there are cases in 
which asymptomatic syphilis is not pro- 
duced by the lowest dilutions. Intra- 
testicular inoculation generally causes a 
manifest syphilis, while inoculation into 
certain other tissues of the rabbit, such 
as the nervous system, the suprarenal 
capsule, the blood, the skin, and mucous 
membrane, the eye, and the kidney only 
causes symptomatic syphilis. There are 
certain individual differences in the ani- 
mals. Adult female animals show a higher 
percentage of as 3 'mptomatic syphilis than 
young males. When the animals are in 
poor general condition, the percentage 
of asymptomatic cases is greater. A 
high temperature in the tissue tends to 
increase the number of asymptomatic 
cases. Dujardin claimed that the number 
of cases of asymptomatic syphilis is influ- 
enced by the allergic condition of the 
animals. The author tested this statement 
and did not find that allergic hj^persensi- 
tiveness had any relation to the number 
of asymptomatic cases. However, he 
thinks that this question of an allergy 
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requires further study before a definite 
opinion can be pronounced.” 

Once it is possible to isolate with the 
micromanipulator individual treponemes 
in the symbiotic state from tissue (as in 
Frank! and Charpy’s observations) and to 
test their virulence for animals, we shall 
have made a first step toward the basic 
interpretation of the carrier state and the 
question of tissue reaction in its relation 
to virulence. In this connection much of 
Besseman's statement should be kept in 
mind along with Johnson and Wile’s®®^ 
observation on the virulence inhibiting 
qualities of mouse-brain tissue, etc. 

Asyaiptomatic Infection and the 
Carrier State. A number of recognized 
facts have tended in the biology of the 
syphilitic infection, to dissociate infectiv- 
ity and virulence of the organism from 
the mechanisms of microscopically visible 
tissue reaction in the form of lesion devel- 
opment and of lesion involution and heal- 
ing. The identification of a carrier state 
in the rat has been follorved by its demon- 
stration in the white (albino house) mouse 
and other species of mice; and in several 
species of hamsters. These animals are 
then so far as visual evidence of syphilis 
is concerned merely test-tubes. The 
golden hamster®® does not even develop 
a positive seroprecipitation reaction (Kahn 
test) for the disease. Search of the organs 
and infective tissue material (IVeller, 
quoted by Wile'*’') reveals neither demon- 
strable tissue changes of syphilitic type 
nor spirochetes by the ^^’’arthin-Starry 
silver impregnation. Yet the infection is 
transmissible to rabbits in practically all 
instances by such material. In the 
Jacobs and Heidelberger series of chemo- 
therapeutic pentavalent arsenicals which 
led to tryparsamide, a compound was 
prepared which caused rapid healing of 
the lesions without destruction of spiro- 
chetes.*® In fact, they flourished, and 
the animal infection generalized while the 
lesion vanished. Whole schools of thought 
such as the Frcncli pediatric group, led 
by Hudelo, liave implied the clinical exis- 
tence of man of asymptomatic mass in- 


fection with vague constitutional conse- 
quences to the third and fourth generation. 
The tie-in of the animal asymptomatic 
state with size of inoculum seems gener- 
ally accepted (see above) and few enough 
organisms gaining entrance can lead to 
prolongation of incubation period and ab- 
sence of demonstrable lesions. Pariser,®* 
who has proAuded a full revieiv of this 
literature, examined directly the trans- 
missibility of syphilis by the genital 
mechanism in a study of the infectious- 
ness of semen and of vaginal secretions 
in the human, in which he found that the 
semen of the male is not infectious unless 
a spirochete-containing lesion is present 
in the tract, and the vaginal secretions 
are not infectious unless there is an abnor- 
mal cervix (or by implication also a 
uterine lesion) or the woman is men- 
struating. How consistent over the life 
span of such an individual this non-infec- 
tiousness as a carrier may be requires 
much further study. What Pariser has 
shoAvn thus far would seem to be that in 
the human subject asymptomatic infec- 
tion does not exist, but only an asympto- 
matic state punctuated by symptomatic 
interludes. If there is any way other 
than by the development of lesions or by 
discharge through blood or physiologic 
secretions that the infective agent can be 
released from the asymptomatic body 
test-tube, it is as yet unknown. It might 
be studied with a little better chance at 
solution by maintaining uninfected and 
infected injured and uninjured individuals 
in contact and by interbreeding infected 
and uninfected animals such as the 
hamster. 

The clinical evidence for a genuinely 
asymptomatic state in the human subject 
involves such problems as the unaccount- 
able but persistent high-titer serologic 
test for sAq)hilis. Such tests are now 
complicated by all that is known and not 
known about the specificity of serologic 
tests; and by the type case of an asympto- 
matic but faintly stigmatized or “suspect” 
victim of what may be a congenital infec- 
tion as the only one in a large family 



468 


PROGRESS OF MEDICAL SCIENCE 


otherwise free from evidence of the 
disease.^” 

lMMtrNI7ATION AND ImMUNITT-SUSCEP- 
TiBiLiTT Problems. The clinician and 
the public health officer, ^^ev^ng ruefully 
the inverse relation betv^een the spread 
of venereal disease and its increasingly 
ready response to an increasinglj’^ simpli- 
fied treatment, realizes that in the direc- 
tion of immunization lies the most impor- 
tant single hope for the extinction of 
syphilis. The difficulties of the problem 
can be imagined from the foregoing dis- 
cussions of the biologic mechanism. It 
is therefore small wonder that so little 
systematic effort has been expended on 
the problem. One must first clarify in- 
numerable problems, recently reviewed 
by Urbach and Beermaffi® in their dis- 
cussion of immunity and allergy in 
sjT)hiIis. Not the least among them is 
the stUl unsolved problem of the mani- 
festations induced in late sjTihilis by the 
injections of spirochetal suspension, puri- 
fied or tissue-free, and suspended in tissue 
menstrua. One becomes entangled with 
a non-allergic phase of reaction, as in 
ordinary luetin tests and with homologous 
and pseudoreactions induced by such 
agents as potassium iodide, in late syph- 
ilis and congenital syphilis especially. 
There is needed, too, a much more precise 
understanding of the anergic or tissue 
non-reactive state in syphilis in its rela- 
tion both to host and to spirochetal 
constitution. 

Nonetheless, bold attempts to leap the 
fence of unknowns deserve %’igorous com- 
mendation and support, in the hope that a 
new Jenner may arise among us. The 
work of Turner and his associates®-^'^'^-'’ 
has included studies of yaws and the 
T. pcrtcnuc and T. cimiciili as well as 
T. pallidum. His most recent paper*^ re- 
ports the development of various degrees 
of cross-protection against infection by 
these 3 organisms in the rabbit. The 
recent papers of Magnuson and co-work- 
ers"* •- deal with the rate of development 
of immunity to infection in the rabbit and 
currently"* with an attempt at immuniza- 


tion of rabbits against killed T. pallidum 
and adjuvants (M. pJilei emulsion in oil). 
The attempt at immunization was a fail- 
ure, although the animals developed posi- 
tive serologic tests for sj'philis. The 
method of testing transmission was that 
of Ijunph node transfer, which is not free 
from objection. 

The use of spirochetal vaccines for the 
treatment of syphilis including the Hilger- 
mann preparation of supposedly T. palli- 
dum has been re^^ewed by Urbach and 
Beerman vuth the statement that no 
significant conclusions have thus far been 
established. The conditions for which it 
has been used are all known to respond 
to treatment of low specificity like that 
of gumma to iodide. 

The sketchiness of our knowledge of 
even this selected list of problems in the 
biology of sjTphilitic infection leaves an 
indelible impression of the need for further 
and still more ingem'ous research. Among 
the categories of unsolved problems one 
should list in addition to those above 
considered, the matter of strains and elec- 
tive localization; the possible tropisms of 
the organism; the host side of tropism or 
tissue susceptibility and immunity which 
might be studied by tissue culture; the 
problems of infection allergy; and the 
defense mechanism of the host, including 
specific cell function within the tissue 
reaction against the infection (c. g., the 
Ijmphocyte and the plasma ceU), and the 
influence of the spreading factor on the 
course of a syphilitic infection. From 
some of the observations on the serologic 
responses of vaccines it is only a step to 
the study of the nature, and the question 
even of the existence, of specific reagin 
as a chemical entity. The e.xploration of 
the non-specific reactive mechanism of 
serologic tests is only in its beginnings. 
May it not be conceived that reagin vnl! 
turn out to be not a substance but a ratio, 
and the serologic reactive mechanism^ of 
the body a type form or habit of reaction 
induced by a variety of agents, chiefly 
infectious in origin? 
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A PROSTHESIS (irpoffdecns), a putting to, 
from rrpoa’TiOrifJ.i., to put to) is an artificial 
substitute -for any missing part of the 
body. Since most such corrections are 
for facial deformities and defects, much of 
the literature and the interest is concerned 
with facial restoration. 

As described by Brown,i prostbeses 
should be looked on as of 2 types: 1. 
The type indicated when surgical inter- 
vention is contraindicated. Here are in- 
cluded cases in which coexisting disease 
or other disability makes surgical treat- 
ment inadvisable and cases in which surgi- 
cal manipulation of the tissue would end 
ndth esthetically undesirable results. 

2. The second of prostheses (which 
Esser has called the “ bloody type) are 
those which necessitate surgical incisions 
for their establishment. The sculpturally 
molded synthetic implants come under 
this heading. YTiat is the difference be- 
tween the synthetic materials here describ- 
ed and the previously used ivory, celluloid 
and cartilage? These materials are mold- 
ed from sculptured models; they do not 
slip out of place, since they fit only 1 area; 
they do not curl and will not shrink, nor 
have they been found to be a source of 
irritation of tissue because of composition. 

The appearance of new literature to 
describe artificial substances and the 
technique of building these materials as 
substitutes for missing parts of the body 
indicates the limitations of materials that 
plastic surgeons have had to work with. 
Problems of the shape of the cartilage and 


the bone- of the donor, of the absorption 
of the transplanted living material and 
of hand molding of cancellous bone have 
limited the sculptural effects othermse 
possible in plastic surgery. _ 

But really clever implantation tech- 
niques have been devised by imaginative 
surgeons. The diced cartilage technique 
for the filling of defects under the shn is 
one of these. Yet there is a need for 
further versatility in the adoption of use- 
ful implantation materials. 

Prosthetic implants of ivory, celluloid, 
steel and tantalum are a partia fulfill- 
ment of the need for such materials. Th 
newer synthetic resins, those n lei 

Z polymerized to a state of biologic mer - 
nJs, promise immense advantages m this 

^^As the public becomes accustomed to 

what is being done in the way of 

for the face, requests have come for msto 

rations hitherto considered not o 

yond the scope of [f„^One’s 

also beyond the scope of P'-f 

first impulse is to tell such - 

the restoration asked for is not bmg done. 

But the plastic surgeon 

thetic work must realize tlia us 

clinic is the court of last 

patients and, if he had no res ‘ j 

offer, the patient m.y become 

that his case is hopeless. He i | 

by requests not only to restore mis mg 

parts of the face, but also 

Jarts such as the breasts, 

buttocks, the penis and the calf of the leg 
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Small prostheses for the face can be 
made of solid rubber or hollow rubber, 
molded by relatively simple techniques. 
Prostheses for the breast, the buttocks 
and the calf of the leg, if made by the 
same technique, would be heavy, bulky, 
unwieldly and relatively non-resilient. 
They should be light enough in weight 
so that a relatively small amount of adhe- 
sive •will keep them in place, or so that no 
adhesive at all is necessary. They should 
also, unlike facial prostheses, have the 
rebound elasticity characteristic of the 
organ which they replace. For instance, 
when the artificial ear is bent forward and 
released, it should spring back into place 
immediately, as does an ordinary ear. 
Likewise, the artificial calf of the leg when 
pressed with the finger, should rebound 
at the rate normal for calf tissues. 

There is no doubt that the atomic age 
and bacteriologic warfare will bring new 
and maliciously clever methods of destruc- 
tion to light .in our generation. This is to 
be normally expected. World War II 
produced many more facial and body 
mutilations than resulted from the First 
World War. With the next struggle, 
civilian populations will be even more 
intimately involved, and, as at Hiroshima, 
manj’- thousands will suddenly be left 
hideously deformed. 

Plastic surgical procedures designed to 
correct disfigurations have more or less 
kept pace, limping forward, as the needs 
of each new problem were evident, to 
develop new plastic surgical techniques to 
meet them. Even today it has been found 
inadvisable to operate on all mutilating 
injuries. Frequently it is better to replace 
missing parts of the face and body -ndth 
lifelike substitutes than to attempt recon- 
struction with living tissue. Some of the 
reasons for declining to attempt surgical 
tissJie alterations are intercurrent disease, 
the fragility and atrophy of the host tis- 
sue, and the natural debility of age. The 
new atomic and bacteriologic warfare will 
beyond doubt increase the first 2 categor- 
ies of facial and body deformities which 
will be beyond the restorative power of 


plastic surgery. For the atrophy, the 
telangiectasis, the keloidal change and the 
precancerous condition of atom-bomb 
exposed tissue forbids surgical modelling. 
Nor can surgical sculpture be tolerated 
by tissues whose hematopoietic system is 
deranged. 

All this will lead the medical profession 
to a more serious consideration of the 
prosthetic art. Prosthetic restoration 
techniques have until recently been an 
orphan child of the medical profession — 
one might almost say a bastai’d child of 
medicine. Restorative cases were grudg- 
ingly admired for the moment, but given 
neither permanent nor recognized places 
in the clinics or medical schools. And 
cases beyond the power of plastic surgery 
have only grudgingly in the past been 
assigned for prosthetic correction- It 
seems that only by the "bloody” correc- 
tion could a patient be really benefited 
according to most members of the healing 
profession. 

Despite the almost "do-nothing” atti- 
tude of medicine as a whole, some men 
have tried through tlie ages to replace 
missing parts of the face and body with 
substitutes, rather than attempt recon- 
struction with living tissue. 

Some of the substitute materials, not- 
ably latex rubber- and some of the newer 
polymerized synthetic resins, such as 
polyvinjd butyral, have already proven 
their worth as restorative substances. 
The surgeon is the first to confess that 
reconstructive operations, such as that of 
the total ear, often at best carry the 
probability that the esthetic result of a 
whole operative series will be only fair. 
By prosthetic techniques, though, an ear 
of latex or of vinyl resin can be made to 
match its mate with accuracy, both as to 
color and translucence, with lifelike elas- 
ticity, and certainly- with c.xceHent sculp- 
tural details. Such an ear, applied with 
a perspiration resistant cement, can be 
produced without pain, without hospital- 
ization or loss of the patient’s working 
time. It is easier on the patient, the doc- 
tor and Society. After a few recent wars, 
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■with the subsidization by go'vernment, 
rehabilitation with prostheses among both 
military and civilian population is an im- 
proved and broadened art. Using the 
most suitable of the new synthetic com- 
pounds as fast as they are developed, the 
modern prosthetic expert is keeping pace 
with advancements in industrial fields. 

All this is being accomplished by a few 
medical men who form an inner clique of 
men interested in helping the cases hereto- 
fore considered bejmnd ordinary help. 
Men unconsciously dedicating themselves 
to help the poor patients who heretofore 
were transferred from department to 
department, from clinic to clinic, with 
nothing offered, to conceal if not correct, 
their revolting faces, and make life more 
endurable. 

To help such people, however, requires 
more than the ordinary knowledge held 
by possessors of an M.D. degree. Men 
who seek to restore these deformities 
must have some knowledge of art, whether 
it be formally acquired or not. They 
must have mechanical ingenuity; they 
must have a practical ability in chemistry 
— tliey must be improvisers, e.xperimen- 
ters, and true practitioners of medical art. 
They must have obstinancy and courage — 
courage enough to carry through and pro- 
duce previously impossible-to-make artis- 
tic restorations, courage to overcome the 
obstacles intrinsic to each unusual case as 
it presents itself, and above all, courage 
enough for the patient, too. 

Fortunately, there are such men in 
medicine. It is a credit to our profession 
that there are men willing to undertake 
this unprofitable (yes, unprofitable), ex- 
citing, and often exasperating work. Be- 
cause of these true physicians, new names 
are creeping into medicine. Insinuating 
into medical terminology are the names of 
vinyl resins, synthetic latices, neoprene 
dispersions, the methacrylates, new mon- 
omers and plasticizing agents. 

New products of manufacture now rest 
in the doctor’s laboratory. Colored lac- 
quers, tints and dyes from all industry 
arc now combined to make artificial resto- 


torations the important adjuncts of surgi- 
cal — and medical — practice they deserve 
to be. And the patient with inoperable 
lupus of the face, the patient with hideous 
tertiary syphilis, even unresponsive to 
medication, is helped. 

Special equipment is now visible in the 
doctor’s laboratory. Heaters, ovens, mix- 
ing equipment, homogenizers, grinders, 
polishers, calking guns, are borrowed from 
industry to help the deformed. This is 
as it should be. 

There are definite satisfactions which 
come to one who undertakes this some- 
times heart-breaking work. Among them 
is the comradeship which develops be- 
tween men of various professions for a 
common cause. Once the purpose of 
the ■v\’ork is explained, the cooperation 
from engineers, chemists and other re- 
searchers in industry is astonishing. 

But there are other satisfactions. They 
might be called secret satisfactions. All 
doctors find time to think of their work at 
odd moments, when they are driving, 
smoking, drinking coffee with friends. 
They think of their work, naturally; of 
provoking cases, of puzzling reactions. 
^Miat does the doctor think of who has 
found himself capti'\'ated by the restora- 
tive art? ^^Tiat are some of his basic 
problems? He finds that present prob- 
lems are linked to the latest disco^'er^es 
of industrial chemistry, and finds fascina- 
tion in attempting to adapt these newer 
techniques to his own art for the benefit 
of his patients. He finds that his art is 
retrogressivelj’^ connected with the art 
problems of the Renaissance. He cannot 
reconstruct artistically ■without a kno'"'!" 
edge of the rules of proportion. For these 
he cannot depend, strangely enough, on 
modern textbooks; he must go back and 
examine the observations of Leonardo da 
Vinci on anatomy, and for the laws of 
optics as they apply to shadow, to Albrecht 
Diirer for some rules of facial harmony. 
He must investigate Bnmelleschi and 
Botticelli, who, with Diirer and Leonardo, 
helped to develop an artistic naturalism. 
It is clear that today the medical restora- 
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tive artists are a small circle of kindred 
spirits, more interested in things than in 
idle hypothesizing, and more interested 
in experimental inquiry than in hackneyed 
medical and surgical opinion. 

The modern practitioner of restorative 
art finds himself wondering upon the 
nature of color. He finds himself reading 
the theories of color, practically and 
philosophically. The theories of color of 
Des Cartes, of Hooke, of Bacon, become 
important. In the time of Newton, 
Grinaldi showed that very narrow beams 
of light, ordinarily travelling in straight 
lines (page Einstein!) are bent at the sharp 
edges of obstacles, so that the shadows 
are larger than they really should be, 
and fringes of color are formed. Newton 
showed that the bending is increased by 
passing the light through a narrow slit. 
All these behaviors of light, of shadow, 
of color, occupy the attention of the 
modern restorative artist. Thus, ultra- 
modern as is his work, he is united in 


spirit with the artists and scientists of 
all agqs. 

He finds himself posing questions which 
are strange to modern medicine. Why 
are fingernails, the cornea and tooth por- 
celain fluorescent to ultraviolet light? 
If artificial teeth, artificial eyes and arti- 
ficial fingernails possess fluorescence by 
artificiallj'- adding coal-tar extracts to 
them, why are they more lifelike? Why 
is blue sometimes discernible in Negro 
skin? How much of skin color is due to 
pigment, how much to transmitted color 
from the flesh below? How fluorescent 
is sebum? Is perspiration fluorescent? 
What is the mechanism of scoliosis after 
breast amputation? 

These are the questions posed to mod- 
ern practitioners of the restorative art. 
These problems, to the average doctor, 
seem annoying. To those who do this 
work, these problems are exasperating — 
but delightful. 
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Medical Addenda. Related Essats on 
Medicine and the Changing Order. By 
New York Academy of Medicine Com- 
mittee. Pp. 156. New York: Common- 
wealth Fund, 1947. Price, SI .75 
These essays constitute a more complete 
exposition of the modern trends in the prac- 
tice of medicine as visualized by the Com- 
mittee on Medicine and the Changing Order 
of the New York Academy of Medicine. The 
names of the contributors, J. A. Miller, L. 
Hamman, Mary A. Cannon, Winifred W. 
Arrington, H. A. Rusk and E. P. Boas, 
indicate the high quality of the material 
presented. The book should be on the desk 
of evei^'one interested in medical practice. 

T. M. 


The Skin Manifestations op Internal 
Disorders (Dermadromes). By Kurt 
Wiener, M.D., Dermatologist, Mt. Sinai, 
Deaconess, and St. Michael’s Hosps., Mil- 
waukee. Pp. 690; 400 ills.; 6 color plates. 
St. Louis; C. V. hlosby, 1947. Price, 
S12.50. 

This is a satisfactory book which fills a 
long-felt need for the general practitioner, 
the internist and the dermatologist. It 
should go far to dispel the “superficial” 
nature of dermatology and to place this 
branch of medicine in its proper position as 
an integrated part of a whole. 

Yliile there have been prerious attempts 
to compile the dermatologic aspects of in- 
ternal diseases, the efforts have been some- 
what sketch}' and incomplete, and are now 
out-of-date. Here the author has produced 
in a reasonably-sized volume a comprehen- 
sive, fairl}' complete, discussion of “derma- 
dromes”— a word the author coined to rep- 
resent the cutaneous part of a sjmdrome. 
The material is presented in sufficient detail, 
as a rule, to be adequate for the particular 
medical public for whom the volume is 
intended. 

A uide range of subjects is covered. In 
43 chapters, arc considered; the Derma- 
dromes of Systemic Infections; of Helminthic 
Diseasc.s; of Tuberculosis; Dermatoses with 
Claimed but Still Controversial Tuberculous 


Etiology; Leprosy; Dermadromes of Intoxi- 
cations; of Disorders of the Circulation; 
Kidneys; Endocrine Glands; including also 
Puberty, Menstruation; Pregnancy; Child- 
birth and the Puerperium; the Skin of the 
Newborn; Menopause, and Miscellaneous 
Dermatoses with Endocrine Background; 
Ageing; Metabolic Disorders; Disorders of 
the Blood and Blood Forming Organs; In- 
ternal Cancer; Disorders of the Nervous 
System; Gastrointestinal Tract; Liver and 
Pancreas, and Respiratory Tract. 

The material is weU illustrated by clinical 
photographs from a variety of sources (no 
one man’s personal experience could encom- 
pass all the data presented). Bibliographic 
references are given as footnotes on the same 
page as the material to which they refer, a 
method Wiener prefers not only as a matter 
of fairness to the author quoted, but also to 
induce the reader to look up some of the 
original sources himself. This is apparently 
becoming good American procedure in medi- 
cal book publication, one of which the 
reviewer approves. 

The reader will understand that the criti- 
cisms which follow are intended to be 
illustrative and not to detract materially 
from the value of the book as a whole. 
While its general format is excellent, color- 
plates, costly and superficially attractive, 
are in a state of technical development which 
seldom justifies their wide use instead of 
black and white illustrations. Yhen added 
to this a number of unrelated color-picture.s 
are put on one plate, somewhat removed 
from the text, they become like so much 
wall paper— this is the situation in Wiener's 
book. There are few typographical errors. 
A generally better correlation of plates and 
pictures with the text, more widely used 
terminolog}', as well as uniformity of spelling, 
would strengthen future editions. At first 
glance, the reviewer is struck by the numer- 
ous citations of foreign (riz. German) refer- 
ences (a reflection of the author’s medical 
background) but a more critical study of the 
text reveals that verj- little in the American 
literature is omitted. The only fair conclu- 
sion is that the author is admirably suited 
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to his task because his training and experi- 
ence have given him a grasp of the American, 
as well as European thought. 

The use of eponyms is over done. The 
index is far from complete. Since the quality 
of the index makes or mars the usefulness of 
a book intended chiefly for reference, this is 
especially unfortunate. It is possible to make 
up an arbitrary list of subjects which are 
covered in the text but cannot be found in 
the index. 

Moreover, an excellent feature, placed at 
the end of the book, is the group of tables on 
the Acute Exanthems; Diffuse Pigmenta- 
tions; Diffuse Yellow Pigmentations; Hirsut- 
ism; The Skin in Relation to Age; The 
Hemorrhagic Diseases and Pruritus. They 
serve as ready reference and it is hoped that 
many more of them will be added in future 
editions. 

The omission of a presentation of Syphilis 
is regretted. At least a photographic repre- 
sentation of the cutaneous aspects of Syph- 
ilis, and some differential tables would be 
helpful. 

Allergj'- is becoming more and more im- 
portant in certain aspects of dermatologjq 
especialb’’ so in the case of food allerg 3 ^ 
That there is no real presentation of allergj'^ 
in such a book as this is a serious omission. 
Among some of the items which might be 
expanded are; Periarteritis Nodosa and its 
relationship to drug allergj^ (Sulfonamide); 
a discussion on “Stevens-Johnson’s Syn- 
drome;” Sporotrichosis as a systemic disease; 
Granuloma Inguinale as a s 3 'stemic disease; 
a wider discussion of Telangiectasia; Sj’-m- 
mctrical Erythema of the palms; more discus- 
sion of Panniculitis; more up-to-date Lepros.v 
discussion; Premenstrual tension; Protein 
Metabolism, Water Balance, and Cutaneous 
Disorders. 

The reviewer has tried to be as critical as 
possible; but aside from easilj'-corrected 
shortcomings, he has nothing but praise for 
a volume which fills the great need for bet- 
ter understanding between the Dermatologist 
and his colleagues. H. B. 


The ExGn.\M.MEs of Pstchiatrv. B3' J. M. 
Nielsex, IM.D., F.A.C.P., Assoc. Clinical 
Prof, of Ncurologj' and Ps 3 'chiatr 3 ', IJnii". 
of Southern C.alifornia, and George N. 
Thompsox, M.D., Formerlv Chief of Psy- 
chiatric Ser^•ice, Los Angeles County Gen- 


eral Hosp. Pp. 509; 28 ills. Charles C. 
Thomas, 1947. Price, S6.75. 

In this 500 page description of the neural 
patterns of normal and abnormal thought 
the physician is told that he can “move in 
an orderly manner and accurately— in a 
psychiatry w'hich is concrete and factual” 
and which is founded on the basic sciences 
of anatomy and physiolog 3 ^ 

The authors have made an earnest, con- 
scientous and interesting effort to find what 
neural patterns underb'- conation, instincts, 
will and the personalit 3 ^ The definitions are 
pretty much their oum. A t 3 '-pical statement 
is that "psychosomatic” should be changed 
to "brain-somatic,” as it is the brain and 
not the mind which sends messages to the 
soma. 

The psychoneuroses are covered in 27 
pages (psychopathic personality in 40). The 
psychoses are introduced b 3 '’ schizophrenia. 
In this illness the commonest upsesting 
factor is given as "infectious illness;” the 
pathophysiology depends on "engrammes 
located in the diencephalon” which are dis- 
organized; the disease later spreads to the 
cortex; the symptomatology is to a consider- 
able extent physical; the treatment is shock 
therap 3 '' followed by re-education. In the 
chapter on Treatment in Psychiatr 3 ^ about 
half of the procedures are given as ph 3 ’'sical 
and half as psychotherapy. 

The reader interested in ps 3 'choanal 3 'sis 
will turn to another book. 

E. B. 


Medical Disorders of the Locomotor 
Syste.m, Including the Rheumatic Dis- 
eases. Bi’- Ernest Fletcher, M.A., 
M.D., (Cantab.), M.R.C.P., of the Royal 
Free Hosp., etc. Pp. 625; 262 ills. Balt, 
and London: Williams & Wilkins, 1947. 
Price, SI 1.00. 

In this book, Dr. Fletcher and 9 con- 
tributors attempt "to bring under one cover 
the available information on the subject of 
the medical locomotor disorders.” Thej' 
exclude the cerebrospinal S3'stem. 

FoIIoudng a renew of the anatomy of the 
joints, muscles and bones, 4 chapters describe 
rheumatic fever and chorea, 12 chapters deal 
e.xhaustively uith the more common arth- 
ritides and 2 chapters contain brief descrip- 
tions of many of the rarer affections of the 
locomotor system. Among others, one notes 



476 


BOOK REVIEWS AND NOTICES 


single chapters on examination of the patient, 
joint phj^siology, fibrositis, medical diseases 
of bone, focal infection, radiology, gout, sci- 
atica, and physical therapy. 

The material is sometimes more abundant 
than well organized; e. g., under "Treatment 
of Rheumatoid Arthritis” a discussion of 10 
drugs is followed bj^ a page or so on “Exer- 
cises for the Arthritic Patient” which is, in 
turn, followed by a discussion of 7 more 
drugs. Reiter’s Arthritis is inadequately 
described on page 287, and fullj' described 
on page 406, although the latter is not 
indexed. For some reason scleroderma, 
dermatomyositis and myasthenia gra^ds are 
dismissed in a few words but space is found 
for Paroxysmal Proctalgia, although it seems 
hard to identify the rectuto as part of the 
locomotor system. 

■ The book is well bound and illustrated. 
Its great mass of facts are valuable from the 
historic, scientific and clinical aspects of 
rheumatism. It will be particularfy useful 
as a reference book to the internist who is 
already interested in rheumatism. 

J. L. 


Histopathology op the Ear, Nose and 
Throat. Andrew A. Eggston, B.S., 
M.D., Director of Laboratories, Manhat- 
tan Eye, Ear and Throat Hosp., and 
Dorothy Wolff, A.B., M.A., Ph.D., 
Research Investigator Endaural Hosp., 
New York. Pp. 1080; 505 ills; 28 color 
plates. Balt.: Williams & Wilkins, 1947. 
Price, S18.00. 

Although the book will generally speak- 
ing be of great value both to the otorhino- 
larjmgologist and the pathologist, its title is 
somewhat misleading. Histopathologj' as 
such is the weak point of the volume. The 
microscopic appearance of the various lesions 
described is covered rather brie% for a work 
of this size, and such descriptions as do 
appear tend to be poorfy presented and 
buried under a wealth of other material. 

The interest of the authors seems to center 
about anatomy, gros.'s and microscopic, em- 
brj’ologj’, and physiology’. A separate chap- 
ter is devoted to each of these subjects as it 
applies indiHdually to ear, nose, and 
pharynx. These rex-iews are at once clear 
and comprehensive. Particularly good are 
the chapters on comparative anatomy in 
which the development of the respective 


organ is traced from its beginning in Atnphi- 
oxits and the lower vertebrates. 

Clinical correlation is foremost in the 
chapters devoted to pathology. Especially 
emphasized are gross pathology^ as seen by 
the clinician, routes of spread, in the case of 
infection and tumors, and prognosis. From 
this point of view the book is of equal or 
greater value to the clinician than to the 
specialist in pathologj\ Of special value to 
the pathologist are several sections on the 
technique of dissection of the regions dis- 
cussed. 

The volume is greatly enhanced by exten- 
sive references at the end of every chapter, 
and by excellent and numerous illustrations; 
photographs, line drawings and color plates. 
The historical background of many diseases 
is presented in great detail. 

A. R. 


Cineplasty. By Henry H. Kessler, 

M.D., Ph.D., Foreword by Ross T. 

McIntire, Vice-Admiral (M.C.), U.S.N. 

Pp. 210; 314 ills. Springfield, 111.: Charles 

C Thomas, 1947. Price, S6.7o. 

This book is written by the one in this 
country who has probably had the most 
experience and interest in rehabilitation 
surgery'. The intricacies of cineplasfy are not 
too well knorni even by the best of ortho- 
pedic surgeons and Dr. Kessler stands out 
as the one willing to devote his time and 
effort to this branch of rehabilitation. He 
reviews the mechanics of the hands and 
details the various types of mechanical pros- 
theses and discusses their advantages and 
disadvantages. The phy'siology and anatomy 
of the muscles of the upper extremities arc 
discussed with respect to their function as 
motors. His chapter on Surgical Technique 
discusses the possibility of forming useful 
motors from remaining muscles. The various 
procedures are described in detail, both for 
below-the-elbow amputations and for those 
above the elbow. Cineplastic prosthesc.s are 
described and illustrated. Finally', consider- 
able emphasis is placed upon the rehabilita- 
tion of the amputee in helping him to regain 
his self-confidence and to return to a useful 
life. Dr. Ke.ssler's book is of particular value 
to those interested in rehabilitation as well 
as to orthopedic surgeons. It is probable 
such cases will be referred by those who have 
read this book to men who have had experi- 
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ence in this type of work. The impression 
gained by the reader is that this is not a 
type of surgery to be attempted by the 
inexperienced. 

The illustrations, taken from Dr. Kessler’s 
own cases, are excellent. 

L. F. 


The Medical Writings of Anonymous 
Londinensis. By W. H. S. Jones, 
Litt. D., F. B. a. Pp. 168. Cambridge, at 
the University Press. New York: The 
Macmillan Company, 1947. Price, $2.75. 
This is the first English translation and 
critical edition of a British Museum pagyrus 
(dating probably from the second century 
A. D.) that was discovered in 1891, and the 
editio princeps o which was brought out in 
Germany in 1893. A German translation 
was published in 1896. 

The papyrus is a copy made by a medical 
student, W. H. S. Jones conjectures, of 
lecture notes also made by a medical student, 
perhaps on several lectures. The work falls 
into three distinct parts: (1) definitions; (2) 
descriptions of the views on pathology of 
predecessors and contemporaries of Hip- 
pocrates; (3) a historj’’ of physiology after 
300 B c. from Herophilus to Alexander 
Philalethes. The second part is of particular 
importance as representing more fully than 
hitherto the non-extant historical work of 
the Greek plij-^sician Menon, a pupil of 
Aristotle. Indeed, the passage therein de- 
scribing the rdews of Hippocrates is coming 
to be accepted as one of only two reliable 
testimonies for the doctrine of the historical 
Hippocrates, 

Te.xt and translation are printed on facing 
pages. An introduction records the critical 
histoiy of the text since 1893, describes the 
contents, and discusses the problems of 
authorship and sources. Additional notes, 
footnotes, a bibliograph}', and an index of 
nolavilia complete the scholar’s apparatus. 
An excursus, there are a note on the nature 
of Greek thought and another on the nature 
of Greek Medicine. 

It is good to have this important text made 
available in English by a scholar so singularly 
well-equipped to elucidate its complex fabric 
and meaning. W. IMcD. 


Osteotomy of the Long Bones. Bj* 
Henry I^Iilch, M.D., Consulting Ortho- 
prrdist, Maimonides Hospital. Pp. 294; 


181 ills. Springfield, 111.: Charles C 

Thomas, 1947. Price, $6.75. 

An accepted method of effecting an oste- 
otomy of a long bone 25 years ago was by a 
thrust of a chisel through the skin to the 
underl 3 dng bone, a twist of the handle to 
bring the blade transverse to axis of the bone 
and a whack by a mallet to produce the dis- 
solution of the bone. The alignment of the 
fragments was judged mainly be external 
appearances. The duration of immobilization 
for union of the osteotomy was by “rule of 
thumb.” With the coordination of the 
knowledge of pathologjq phj-^siology of bone, 
roentgen study and improved surgical tech- 
nique, the method of effecting an osteotomj’’ 
has become more complex; but a greater 
range of application has been attained and a 
uniformit}'^ of better results. 

Dr. Milch has written a book which cor- 
relates the man)’- advances in the analj'^sis of 
deformities of the long bones and their 
mechanical correction. He frequently reveals 
the advantage of usmg a mathematical equa- 
tion to obtain the desired mechanical result. 
His abduction osteometer is an ingenious 
apparatus for determining the optimum 
angle of correction for hip joint deformity. 
In a logical manner he considers the 4 
directions in which displacement may occur 
when an osteotomied long bone deviates 
from its mechanical a.xis. He considers 4 
t 3 'pes of osteotomj' that produce a monoaxial 
displacement in each of the 4 directions: (1) 
lineal, with displacement longitudinally for 
shortening or lengthening; (2) torsional, for 
correction of rotation deformities; (3) trans- 
positional, with displacement laterallj' so 
that the axis remains parallel to the original 
axis; (4) angulated, with the distal fragment 
angulated about anj' point along the axis. 

This book sticks to the subject. It is a 
manual on the mechanics of osteotomy of the 
long bones. It does not deviate into diag- 
nosis or operative technique. It is an excel- 
lent source book for the orthopoedic surgeon. 

J. N. 


Neuropathology, Its Clinicop.\thologic 
Aspects. Bj' I. M.-vrk Scheinker, M.D. 
Foreword bv Tracy J. Putnam, M.D. 
Pp. 306; 20S ills. Springfield, III.: Charles 
C Thomas, 1947. Price, $6.75, 

This book is highlj- recommended as valu- 
able both to the neurologist and the path- 
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ologist. Although the volume is brief, the 
included subjects are discussed fully and to 
the point. The style achieves easy reading 
and the subject matter is clearlj’’ and con- 
cisely presented. The chapters are well 
arranged, in logical sequence. The principal 
topics discussed are vascular diseases, demy- 
elating diseases, neurosyphilis, inflammatorj’^ 
diseases, myopathies, syringomyelia, cere- 
bellar disorders, and degenerative diseases. 
Conspicuously absent are such important 
topics as tumors, congenital malformations, 
and intoxications; and this, in the opinion 
of the reviewer, is the principal adverse 
criticism of the book. 

Concise historical reviews are given for 
each disease. The pathologist will appreciate 
the lucid descriptions of both gross and 
microscopic findings. The clear and well- 
chosen illustrations are helpful in supple- 
menting the verbal descriptions. The clin- 
ician will be interested in the excellent clini- 
cal descriptions of the included diseases, and 
in the close clinicopathological correlation. 
The bizarre terms that clutter many works 
on neuropathology have been largely re- 
placed by those more familiar to the average 
physician. An unusually good presentation 
of the various encephalitides, and of fungus 
diseases of the central nerv'ous system is 
included. An exiensive bibliography is 
prosdded. A. R. 

Diagnostic Bacteriologt. By Isabelle 
Gilbert Schaub, A.B., Instructor in 
Bacteriolog}', Johns Hopkins Univ., and 


hi. EAthleen Folet, A.B., Instructor in 
Bacteriolog}’^, College of Notre Dame of 
'Maryland. 3d ed. Pp. 532. St. Louis; 
C. V. Mosby, 1947. Price, S4.50. 

This is a technique book of determinative 
bacteriologj', dmded into 3 principal sec- 
tions: (1) Bacteriological Diagnosis, (2) 
Serological Diagnosis, and (3) Media, Stains 
and Staining Technique, etc. As in prerious 
editions, methods for the isolation and 
identification of bacteria are given clearly 
and concisely step b 3 '’ step and day bj' day. 
Included vnth each group of organisms are 
numerous tables shovung the differential 
procedures to be followed. In this edition 
there are new tables for the intestinal Gram- 
negative bacilli and the aerobic streptococci. 
A new Chapter 1 concerned with elements 
of technique has been added. This edition 
has been expanded also to include explana- 
torj' and theoretical discussions of technique. 
The leftr-hand pages again are blank for 
student’s notes. 

As is the case with most technique books 
concerned with such an inexact science as 
diagnostic bacteriology, the methods recom- 
mended will not be approved bj’’ all. The 
authors have had wide experience in the 
isolation and identification of pathogenic 
bacteria, however, and the techniques in 
general are sound and practical. Conse- 
quently the book should be especially useful 
for technicians and medical students and 
should be a valuable addition to anj' librarj' 
of clinical bacteriology. R* 
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It should be made quite clear at the 
outset of this paper that there is no royal 
road to the diagnosis of tumors in the 
laboratory; whatever methods be used to 
differentiate oneneoplasm from anothei the 
diagnosis still depends upon the training 
and experience of the observer. Tumors 
have definite physiognomies and you all 
became more or less familiar Avith these 
in the 2nd year classroom, Avhen you stud- 
ied carefully selected sections or specimens. 
Most of you have, I fear, stored this some- 
what painfully acquired knowledge on the 
top shelf and, should you take it down 
and look it oA*er, you would find that it 
liad accumulated a lot of cobwebs. 

The diagnosis of tumors is largely a 
matter of seeing many examples of them 
and, just as one becomes acquainted with 
people, getting to know them AA'ithout 
having to turn on the high-powered lens 
and search for details. There is no stain 
that will automatically issue a diagnosis 
and there arc few rules in the recognition 
of tumors that do not have their excep- 
tions. A few weeks of studying .sections 
in a laboratory of surgical pathology is 
worth many months of reading in text- 


books. Some tumors have many variants 
or differing types of growth, no one type 
may be considered to be the inflexible pro- 
totype of that particular neoplasm. 

Granted that the pathologist has the 
necessary background, however, there are 
many methods of going about the securing 
of a diagnosis, some of them partial or 
indicative and useful for screening out 
obvious cases, others ancillary to the rou- 
tine, but in the end the paraffin section, 
properly stained, is the last court of 
appeals. 

In presenting this subject it would be 
well to begin with the simpler methods 
and progress to the more complicated 
procedures. Simple methods arc calcu- 
lated to cause the least disturbance to the 
patient, physician, surgeon and patholo- 
gist. Those which are more complicated 
often produce discomfort for the patient 
and make demands upon the skill and 
e.\'perience of the physicians involved. 

S.UE.A.RS. The recent work of Papanico- 
laou has given great impetus to the diag- 
nosis of malignant growths in smears. 
He began by stud.nng the cytologic 
changes in the vaginal epithelium in vari- 
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ous phases of the menstrual cycle and 
under varying conditions of hormonal 
stimulation, ^^^lile carrying out his in- 
vestigations he noted that cells of malig- 
nant tumors were encountered in some of 
the smears. As these were readily recog- 
nized he accordingly’' expanded his tech- 
nique to facilitate this form of diagnosis. 
At first a side line in his investigation, this 
very important feature has become a 
main line and he has de^n'sed methods for 
examining not only vaginal smears, but 
also material obtained directly by intra- 
uterine aspiration. Thus he was enabled 
to narrow down his sources of pathologic 
cells and to determine definitely that a 
given tumor was intrauterine and not 
located in the cervix uteri. 

It was not long before he branched out 
and began examining smears of other 
fluids and secretions. It was found that 
the urine from a bladder wlrich was the 
site of carcinoma might contain carcino- 
matous elements and that these could be 
concentrated by centrifugation and thus 
readily identified. A noteworthy example 
of the practical value of this method was 
the disco\'ery of cells from a carcinoma 
in the urine of a bladder which, on cysto- 
scopic examination, showed no carcinoma. 
Investigation revealed a fairly large diver- 
ticulum and, at operation, a carcinoma 
was found tucked away in the fundus of 
tliis, safely hidden from the visual field 
of tlie cystoscope. 

It was evident from tlie success of these 
2 lines of experimentation that the method 
might be extended to an examination of 
aspirated fluids from other hollow \-iscera 
such as the stomach and the pulmonary 
tree. Accordingly these were investigated 
and it soon became c^■idont that the meth- 
od wiis of distinct value in connection 
with the e.xamination of smears of gastric 
contents and of sputum or bronchial 
washings, although diagnosis was found to 
be more difficult in this case than in that 
of the genitourinary system. 

The success of the method depends upon 
the fact that carcinomas tend to break 


down superficially and to cast off cells into 
the fluid that bathes them. If the malig- 
nant tumor be intramural and does not 
desquamate into the cavity of the organ, 
the method m'll, of course, not succeed. 
This would be true of leiomyoma of the 
wall of a viscus, as well as of leiomyosar- 
coma — unless that tumor had eroded its 
way through the lining mucosa. 

There is nothing miraculous about the 
technique; it depends simply upon 2 fac- 
tors: carcinomatous cells must be present 
and the pathologist who searches for them 
must have had sufficient experience to be 
able to recognize them when he sees them. 
The procedure, then, should not be en- 
trusted to anyone who is unfamiliar iWth 
cancerous elements, but should be carried 
out by an e.xperienced pathologist. The 
qualified pathologist is usually well ac- 
quainted with the appearance of carcino- 
matous or sarcomatous cells; they are 
usually of abnormal size, irregular outline 
and poor histologic differentiation; they 
are generally very variable in diameter; 
they present nuclei that are hyperchro- 
matic and stain intensely, often possessing 
very large and prominent nucleoli. They 
may show normal, or very abnormal 
mitotic figures. Thus it becomes easy for 
an e.xperienced observer to recognize them 
and report their presence in a given smear. 

The method has few drawbacks. A 
carcinoma of any size will usually cast 
off cells or clumps of cells which may be 
found after a few minutes of searching. 
If the pathologist is very much busied with 
routine, it is not often feasible for him to 
spend ?r hour or so in searching through 
a smear poor in cellular elements. A few 
such smears would occupy an 8 hour day! 
It is found, however, that if carcinoma is 
present, its cells arc usually so striking 
in their appearance that they arc readily 
found after a few minutes. 

One needs very little equipment for 
carrying out such examinations. The 
fluid is cither smcarcd-oiit as it comes to 
the laboratory, without concentration, or 
if it be very dilute (like urine or bronchial 
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washings) it may be necessary to concen- 
trate it by sedimentation. The smears 
are allowed to dry on microscopic slides 
and are then fixed in equal amounts of 
ether and alcohol. They are then stained 
by some good method like the triclirome 
stain of Masson. The cellular details as 
revealed by this are excellent, and one 
gains very beautiful pictures of ciliated 
cells from normal bronchial mucosa, the 
cilia bright red and the cytoplasm grayish 
green. The carcinomatous elements stand 
out by their lack of differentiation and 
their rather drab color reaction, IMben 
urine is to be examined, Papanicolaou and 
Marshall have found it advisable to mix 
about 40 cc. of this in a test-tube with 
10 to 20 cc. of 95% alcohol. This is then 
centrifugated and the sediment smeared 
onto glass slides and fixed in alcohol and 
ether. It should not be forgotten that 
prostatic fluid is excellently adapted to 
examination in smears, it may be expressed 
by massage, smeared out and fixed in alco- 
hol and ether, and then stained and e.xam- 
ined for cancerous cells. 

Smears from the alimentary tract are 
not as yet very satisfactory on account of 
the distortion of cells by digestion and of 
the presence of many foreign, though nor- 
mal cells, from ingested meat and the like. 
For the present, direct biopsies appear to 
be preferable in this case. 

Aspiration Biopsies. These fall into 
2 categories; the material aspirated in 
the form of serous effusions from the 
pleura, pericardium or peritoneum, or the 
cavities of cysts or joints; and, secondly, 
solid matter aspirated through a needle 
or cannula attached to a syringe. 

Serovs Fluids. The examination of ser- 
ous fluids for cells of malignant tumors is 
facilitated by allowing them to sediment 
by gravity in the refrigerator overnight 
and then centrifugating such sediments 
mechanically, after discarding the super- 
natant fluid and replacing it with a fi-xa- 
tive such as formalin. Zenker’s or another 
such mixture. The button is then care- 
fully removed from the bottom of the 


tube and embedded in paraffin, in which 
it is sectioned exactly like a piece of tissue. 
Such sediments may be stained as one may 
desire. It will be found that the path- 
ologist must acquire a certain degree of 
familiarity with those cells normally pres- 
ent in transudates and exudates in order 
to recognize the abnormal elements. The 
chief difficulty is encountered in connec- 
tion with desquamated mesothelial eler 
ments from the pleura, pericardium, or 
peritoneum ; these may often take on very 
substantial proportions and mislead the 
pathologist. In hepatic cirrhosis there is 
■usually a massive prollfeTatlon and des- 
quamation of peritoneal cells, but these 
are remarkably uniform in size, shape and 
appearance, while the reverse is true in 
the case of neoplastic elements, which vary 
conspicuously in these respects. The 
presence of multinuclear cells and of mito- 
tic figures in mesothelial cells is often 
confusing to the beginner, but as the 
effusion constitutes an excellent culture 
medium and the cells multiply and live 
in this much as would bacteria in broth, 
it is not surprising that they should take 
on a quasi-neoplastic appearance. When 
cancer is present one may find masses of 
neoplastic cells, sometimes attached to 
stromal elements, in the sediment. These 
groups may often be so characteristic in 
their appearance and arrangement that 
one may make a fairly accurate surmise 
as to the type of tumor and its primary 
site. The method is decried in some 
quarters, but this is unjust, as it has a 
very distinct value which should not be 
underestimated ; in our laboratory the 
positive reports are better than 85 % accu- 
rate, which speaks for itself. 

Aspiration of Solid Neoplastic Tissue. 
The “needle biopsy” has enjoyed consid- 
erable vogue for a loflg time and consists 
in introducing a coarse aspirating needle, 
or cannula, into the depths of a suspected 
neoplasm and attempting to aspirate some 
of this into the attached syringe by exert- 
ing strong suction while, at the same time, 
oscillating the tip of the needle to dis- 
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lodge bits of tissue and facilitate their 
withdrawal. Oftentimes valuable frag- 
ments are thus detached and can be 
smeared out onto a glass slide, or even 
embedded in paraffin and sectioned. The 
method is frequently employed in our 
hospital for exploring the liver, even in 
cases where there is no suspicion of the 
presence of carcinoma and all that is 
wanted is a diagnosis of the hepatic paren- 
chjnna. Aspirated material should be 
fixed in an appropriate medium before it 
is stained. We used to emply heat, simply 
smearing aspirated tissue onto a slide and 
passing the latter through a Bunsen flame. 
This does not give satisfactory results, as 
the procedure is too drastic and the cellu- 
lar details are obscured bj' ^^olent coagu- 
lation. Fixation of the smear, after it is 
dry, in equal parts of alcohol and ether, 
is now our method of choice. 

The aspiration biopsy has definite dis- 
advantages: it does not give one enough 
tissue to afford any concrete idea of the 
topography of a given tumor, it merely 
produces its cells; it often fails entirely 
in the case of dense fibrous growths, where 
the cells refuse to become dissociated from 
their fellows and one obtains merely an 
excellent smear of blood. It has always 
seemed, after long experience, that it is 
far better to excise a bit of tissue for a 
biopsy and thus disturb a potentially 
malignant tumor as little as possible. 
Agitating a needle in its depths may de- 
tach cells for diagnosis, but it might also 
set them free into the circulation and 
favor metastasis. On the other hand, a 
piece of tumor that is cleanly excised with 
a sharp scalpel would seem to suffer far 
less cellular dissociation and thus tend to 
present less likelihood of metastasis. This 
is, of course, theoretical but I believe that 
it is a valid point. ' 

Tif’siic Biopsy. There is little to be said 
here about the biopsy of tissue for diag- 
nosis, as its excision is a self-cxplanator>' 
matter and the treatment of excised tis- 
sue differs not a whit from that of a 
tumor which has been excised in ioto. It 


is, however, adtdsable to stress the neces- 
sity for the exercise on the part of the 
surgeon of a reasonable amount of dis- 
cernment in the choice of the tissue he 
wall excise for examination. The patholo- 
gist can diagnose onlj' that which is in 
his specimen; if the surgeon cut out a 
piece of tissue near a tumor, rather than 
in it, he may miss the tumor entirely and 
the pathologist, failing to find any neo- 
plastic tissue will, of necessity, report its 
absence. If the surgeon e.xposes a mam- 
mary tumor, for example, and then cuts 
out a piece of tissue that is hard and 
brawny he may get the important part of 
the growth; if he selects a piece that is 
stony-hard and which, when incised with 
the knife, cuts like balsa wood and leaves 
the edges of the incision sharply angular 
and not rounding-off, the matter will be 
simpler. If, on making the section, he 
notes 3'ellmvish stre.aks on the sectioned 
surface, or the j-ellowsh “worm casts” 
of a comedocarcinoma, lie will be even 
more surely producing “pay dirt” for the 
pathologist. A biopsy should always be 
as generous as is feasible, tiny bits of tis- 
sue are hard to handle in the laboratory, 
they are difficult to keep track of in the 
solutions used and they are little better 
than aspiration biopsies in respect to the 
fields of microscopic observation that they 
afford. 

We should consider frozen sections. 
Surgeons should see a few of these made, 
if they have not already done so. They 
will tiien realize the futility of expecting 
a pathologist to make such sections on 
biopsies measurable in millimeters only, 
or consisting of feathery, papillary growths 
that fly apart after they have been frozen 
and cut and floated on water. .A.11 that 
holds a frozen section together is the tis- 
sue itself, once the ice that serves as the 
impregnating medium, has melted. Ice 
is not at all similar to paraffin or eelioidin! 
Uterine eurettings, unle.s.s very bulky and 
fleshy, arc extremely <lifficnlt to manage 
on the freezing microtome; it is much 
better to allow the pathologist time to 
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run such material through in paraffin by 
one of the more rapid methods. It has at 
least once happened that I have been 
requested to make a frozen section of a 
bony tumor! A little thought should 
convince the operator that bone requires 
decalcification before it can be cut and 
that decalcification is a matter of days. 

Special Stains in Diagnosis. The aver- 
age American pathologist is a man who 
is used to thinking in terms of red and 
blue; the nuclei of the cells in a section 
stained by the usual hematoxylin-eosin, 
or eosin-methylene blue methods are blue, 
everything else is red. This is all very 
well for the diagnosis of simple, “run of 
the mine” sections from familiar tumors; 
but when a growth is complicated, this 
simple and overworked method falls down 
lamentably. It is strange that so many 
pathologists depend upon it exclusively 
and, when they send sections of tumors 
for consultative diagnosis (tumors that 
are thus admittedly tricky), send only 
those stained by this conventional tech- 
nique. The advantage of a colored map 
of, say, the State of New York, with the 
counties in contrasting colors, is the fact 
that it is much more rapidly understood 
than one in black-and-white; this is no 
less true of microscopic sections in which 
various tissues assume various colors in 
the slightly more complicated stains, but 
only 2 in hcmato.xylin and eosin. 

Thus a good polychrome stain is vastly 
superior because it affords immediate 
orientation as to the various components 
of the tissue to be examined and time is 
not lost in trying to identify these ele- 
ments by morphology alone. As connec- 
tive tissue fibers are stained green or blue 
in i\Iasson sections, Avhile muscle is red 
and neural sheaths golden yellow, one 
wastes no time in identifying them. Thus 
a fibroma would be mainly green and a 
muscular tumor mainly red, erythrocytes 
would be orange, fibrin Vermillion, keratin 
orange and mucinous tissue green. 

There is no facile formula for the diag- 
nosis of a malignant as opposed to a non- 


malignant tumor insofar as specific stains 
are concerned; it is purely a matter of 
morphology and familiarity udth the cri- 
teria already adumbrated elseivhere in 
this paper. When it comes to identifying 
the source of a tumor, however, the mat- 
ter is different. We har^e at our disposal 
an enormous number of stains for the 
demonstration of specific chemical sub- 
stances and histologic elements which 
enable a reasonably versatile pathologist 
to come very close to an accurate deter- 
mination of the tissue-of-origin of a given 
growth and this may often be of great 
importance as it may indicate wide differ- 
ences in the prognosis. 

Let us suppose that a tumor is full of 
granules of a brown pigment: is this 
melanin, or is it not? If it be melanin, 
the prognosis may be very bad. Recourse 
to Perl’s stain, which is merely the old 
Prussian blue reaction for free iron, will 
at once determine Avhether the pigment 
is hemosiderin. This is a common by- 
product of degenerated hemorrhage and 
means little in the prognosis. If the 
granules turn greenish blue the pigment 
is hemosiderin, if they remain brown it is 
something else. Impregnation with appro- 
priate solutions of silver salts will turn 
melanin black, even in its colorless, or 
premeJanic phase. 

The prognosis of mammar^'^ carcinoma is 
said to be ijettcr if mucous deposits are 
found within the cells, or in the stroma. 
This substance is readily recognizable 
without special stains in the latter case, 
but when it is included in the cellular 
cytoplasm it escapes notice in ordinary 
sections. In those stained with IMeyer’s 
mucicarmine,* however, each droplet of 
mucus will come out bright carmine and 
one may readily determine the general 
prevalence of mucus in the section and 
render an accordingly more favorable 
prognosis. This has worked out rvell in 
our laboratory. Another carmine stain 
is used to demonstrate glycogen and there 
are sc\'eral tjimors which contain goodly 
amounts of this, notably the renal celled 


• The Drcsb.ach modifiMtion has been found fo bo csccUcnt (Drcsbach, M., Arch. Path., 44 . 391 , 1947 j 
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carcinoma of the kidney, formerly called 
“hypernephroma” and the rare chordoma, 
which develops from rests of the noto- 
chord. It is, however, seldom necessary 
to demonstrate glycogen in order to make 
a diagnosis of these neoplasms. 

Rhabdomyosarcomas are fairly common 
and very often misdiagnosed. In estab- 
lishing an iron-clad diagnosis it is desirable 
to demonstrate cross-striations in the cells 
of these growths; this is best accomplished 
by using Mallory’s phosphotungstic acid 
hematoxylin, a stain that is far simpler 
than its rather formidable name. Cross- 
striations develop relativelj" late in the 
embryologie development of muscle and 
it is not always possible to demonstrate 
them in rhabdomyosarcomas; one should 
always endeavor to do this, however. 

Leiomyosarcomas may be difficult to 
identify unless one employs impregnation 
of the reticulum with silver and demon- 
strates the parallel fibrils of sarcolerama 
that enmesh the cellular elements. These 
tumors sometimes resemble carcinomas, 
particularly when they arise in the muscle 
of the gastric cardia. A trichrome stain 
a la Masson will bring out the sarcoplasm 
of component cells as bright red, polar 
accumulations, thus differentiating them 
from epithelium or fibroblasts. 

One of the knottiest problems in the 
diagnosis of tumors exists in connection 
with the group of hunphosarcomas and 
Hodgkin’s granuloma. Here it is impera- 
tive to employ Zenker fi.vation and the 
Giemsa stain, which has proved its worth 
in connection with lymphoid tissue. The 
eosinophils which constitute one-third of 
the "Hodgkin’s trilogy” are brought out 
in Imld relief by this method, the lymphoid 
elements are more specifically stained and 
their basophilic qualities accentuated. 
Thus the latter can bo differentiated from 
the paler reticulum cells. 

Those of us who put store in separating 
the tumors of the rcticiilocndothelium (or 
“retotheliuin,” as Roulet calls it) from 
the other elements of lyinphoifl ti.ssuc will 
find silver impregnation invaluable in 


clinching the diagnosis. The fibrils of 
reticulum penetrate among and around 
the cells of the tumor and thus differen- 
tiate it from a carcinoma, which it some- 
times resembles. In carcinomas the reticu- 
lum forms a basal membrane about groups 
of epithelial cells and does not penetrate 
into their complexes at all conspicuously. 

The tumors of the nervous system, 
whether central or peripheral, have onlj' 
comparatively recently been placed upon 
a scientifically devised basis 15y means of 
recourse to silver impregnations of various 
sorts, depending principally upon the 
methods of Ramon y Cajal, who employed 
silver nitrate, and on those of Bielchowsky, 
who used a double salt of silver, the di- 
ammino hydroxide. A large number of 
methods were derived from these by del 
Rio Hortega, Bailey, Penfield, Globus and 
many other investigators. By using these 
procedures it is possible to split up the 
large groups of “gliomas” into a number 
of subsidiary types each of which carries 
a slightly different prognosis. The old 
diagnosis of “glioma” was unpredictable, 
the modern classification ranges from the 
non-malignant astrocytomas and oligo- 
dendrogliomas to the very malignant glio- 
blastoma multiforme, which is unfortu- 
nately among the commonest of cerebral 
tumors. Once a pathologist has familiar- 
ized himself with these forms of neuro- 
genous tumor, the invariable use of silver 
impregnations becomes relatively unneces- 
sary; a good Masson trichome stain is 
usually sufficient to present evidence which 
may be accurately evaluated and diagnos- 
ed, although it is usually followed up by 
silver impregnations (which take more 
time to prepare) as a confirmatory' measure. 

Tissue Cultures. Stout and his collabo- 
rator Murray have recently shown the 
advantages of growing tumors in tissue 
cultures; this is a very specialized tech- 
nique which is delicate and rather capri- 
cious until mastered. It began with 
Harrison’s e.xpcrimcnts with the explantc<I 
amphibian nerves and grew under the 
direction of Burrows, Carrel, Ebling and 
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others until it attained universal atten- 
tion and was also extensively used in 
England and Germany. Stout and Mur- 
ray have been explanting small pieces of 
human tumors into appropriate media 
and have studied the individual cells as 
they grew out from the explant. In this 
way they have been able to observe dif- 
ferences between fibroblasts and lemmo- 
blasts and to determine that a neurofi- 
broma is really a rather scirrhous form 
of neurilemmoma, most familiar to you 
as the so-called "acoustic neurinoma.” 
Their experiments are not confined to 
neurogenous tumors, as they have sub- 
jected many types of growth to test in 
tissue cultures. 

Akin to the tissue culture is the study 
of tumors explanted into the anterior 
chamber of the eyes of experimental ani- 
mals. Greene has done very valuable 
work along this line. While the trans- 
plantation of tumors from one species to 
another usually fails if the explant is 
placed in subcutaneous tissue, muscle, or 
a body cavity, the anterior chamber of 
the eye appears to be incapable of produc- 
ing antibodies that destroy such e.xplants 
in these other situations. Thus the growth 
of a tumor may be studied through the 
slit-lamp microscope as it progresses in 
the transparent organ. It takes these 
e.xplants a long time to become accus- 
tomed to tlieir new liabitat and to grow 
there, but once they begin to grow they 
make rapid progress. Both the tissue cul- 
ture and the ocular culture are more suited 
to experimental observation than to diag- 
nosis, but it is only by experiment that 
we get to know something about these 
tumors. 

Lahoratorif Procedures in Diagnosis. As 
certain neoplasms cause changes in the 
biochemistry of the bod^', this fact lias 
been employed as a diagnostic adjuA-ant 
in the case of such growths. Choriocarci- 
noma will increase the chorionic gonado- 
tropin (formerly called “prolan”) of the 
blood and urine, so that tlie patient reacts 
to its presence ns would a pregnant woman 


to that of a placenta. Carcinoma of the 
prostate is accompanied by increase in the 
acid phosphatase content of the blood, 
particularly when there has been wide- 
spread metastasis. Bence-Jones proteins 
appear in the urine of patients with mul- 
tiple myeloma of bone, as well as in the 
presence of some other tumors. Deso.xj^- 
corticosterones are increased in the case 
of cortical adenomas of the suprarenal. 
All these phenomena, when proved, are 
merely indicative of the nature of a tumor; 
its final diagnosis will nevertheless still 
depend upon its appearance under the 
microscope. 

For a while it was fashionable to employ 
certain fish to serve as indicators of in- 
creased gonadotropin in the urine. A 
little of this liquid from a pregnant woman, 
or a patient suffering from choriocarcinoma 
or malignant melanoma, when added to 
water in which these fish were kept would 
cause them to react characteristically. 
The male of the German minnow known as 
the "Elritzer” would take on gorgeous 
colors along his belly, the female bitter- 
ling would protrude her ovipositor, the 
female African frog would immediately 
lay eggs if gonadotropic material was 
present. Naturally the Aschheim-Zondek 
test is also applicable in such cases and 
has outlived the other methods in useful- 
ness. But these tests arc merely confirma- 
tion of the fact that there is something 
present in the patient which is producing 
gonadotropic hormones and it vail not 
diagnose the tumor, ’i^^lile melanomas 
will bring about a positive reaction in 
tests for gonadotropin, it has been found 
that neurogenous sarcomas vill also do 
this. There has, as yet, been no real 
need for the hospitals to dispense with 
their histopathologists, or for the latter 
to discard their microscopes®. 

At one time the Gordon test for Hodg- 
kin’s disease gave some promise of diag- 
nosing that condition without resorting 
to biopsies of tissue, beyond remo^^ng 
small fragments for injection into rabbits. 
In the presence of Hodgkin’s disease the 
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rabbits would develop characteristic par- 
alysis. Later experimentation proved 
that this was attributable to the presence 
of eosinophils in the tissue and that any 
tissue richlj" infiltrated with them would 
provoke a positive reaction; thus the test 
was found to be non-specific and has been 
largely given up. 

• The functional action of tumors has 
been mentioned already; islet tumors of 
the pancreas will provoke hyperinsulinism, 
medullary adenoma of the suprarenal will 
bring about hypertension, cortical ade- 
nomas of the same gland vnll produce 
precocious sexual development and growth 
in children, masculinization in the female 
and less marked sexual changes in the 
male. Tumors of the parathyroid occa- 
sion changes in the calcium metabolism 
of the body and in the histology of the 


bony skeleton. All these can be more or 
less accurately checked up by assays or 
by clinical tests, but the actual diagnosis 
still rests upon the outcome of histopatho- 
logic obserr'ation. 

Summary. This paper, when summed 
up, will merely indicate that there are no 
“special tests” or methods for establish- 
ing the diagnosis of malignant tumors in 
the sense of infallible and simple pro- 
cedures that are comparable with clinical 
pathologic assays, serologic complement 
fixations and the like. We are still largely 
dependent upon the gross and microscopic 
examination of the tumors, or samples of 
them, under the microscope. One may 
speak of special methods, then, only inso- 
far as they are specialized procedures in 
"tissue pathology.” 
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It is the purpose of this paper to report 
the results of the administration of folic 
acid in a variety of hemopoietic disorders. 
Included in this study are cases of; Addi- 
sonian pernicious anemia, tropical sprue, 
macrocytic anemia of unexplained origin, 
anemia of renal insufficiency, leukemia, 
idiopathic leukopenia, irradiation leuko- 
penia associated vdth malignancy and 
leukopenic states of Addison’s disease, 
Felty’s syndrome and thiouracil intoxica- 
tion. Thirty-four cases in all have been 
studied. 

Not since the introduction of liver treat- 
ment for pernicious anemia by Minot and 
hlurphy in 1926*® following the experi- 
mental work of Whipple”® has so mucli 
attention been focused upon potent anti- 
anemic substances. The clinical and ex- 
perimental significance of folic acid, par- 
ticularly, has contributed to our knowledge 
of pernicious anemia. 

Folic acid, so named by hlitchell, 
Snell and Williams*" because it may be 
extracted from spinach, is a recently recog- 
nized member of the vitamin B complex. 
As is so often the case, the credit for the 
discovery of this drug cannot be assigned 
to any one individual, but rather to many 
dill'erent groups of investigators who were 
working in highly dii’crsified fields. 

One of the first and most important con- 
tributions to the study of tlie effect of 
vitamin deficiency diseases upon hemo- 
poiesis was that made by Wills, who in 
1931'* noted the striking effect of marmite. 


a j'east extract, on the blood picture of 
“tropical anemia” and “pernicious anemia 
of pregnancy.” She related the hemogram 
of these conditions to Addisonian perni- 
cious anemia and stated that 'these diseases 
differed only in symptomatology. She 
shrewdly observed that “tropical anemia” 
and “pernicious anemia of pregnancy” 
were deficiency diseases and were cor- 
rected by an unknown substance in mar- 
mite, probably not protein in nature. 
She stated that “Marmite is, however, 
known to be a rich source of the B \dta- 
mins.” Later, in 1932 Wills and Bili- 
moria”® carried out experiments in monkeys 
wherein it was shown that certain rnta- 
min B substances could correct or cure 
the nutritional cytopenias of these animals. 
In 1935, Day, Langston and Shukers® 
were able to corroborate Wills’ work on 
monkeys. The substance present in dried 
brewer’s yeast which was instrumental in 
correcting the nutritional cytopenias of 
the monkey was designated ■vitamin hi by 
Day, Langston and Darby® in 1938. 

Likevnse in 1938, Stokstad and Man- 
ning,®* working on chicks fed all the known 
essentials, noted that they needed a sub- 
stance present in yeast, middlings, alfalfa, 
or wheat bran for growth. In the next 
year, Hogan and Parrott**-*® reported sim- 
ilar findings and added that chicks fed a 
diet lacking in this unknown factor also 
developed a “macrocytic hi^erchromic 
anemia.” This factor, present in liver, 
they called idtamin Be. 


This clocunicnt is based on work performed under Contract No. tV-r40I~eng-49 for the .Momic 
i'jiicrpy Project .at tlio University of Rochester, Rocltestcr. New York. 
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From the seemingly unrelated field of 
bacteriology came the next important 
advancement, for in 1940 Snell and Peter- 
son^® reported a substance, present in 
yeast and liver, which could be adsorbed 
on norite and eluted therefrom xrith am- 
moniacal alcohol. This substance was 
found to be necessary for the grox^dh of 
Lactobacillus casei and Streptococcus lactis. 
It was called by them the “norite eluate 
factor.” 

In 1944 Hutchings, Stokstad, Bohonos 
and Slobodkin'® reported further work on 
the “ L. casci factor.” This substance they 
related to vitamin ]\I, vitamin Be and the 
norite eluate factor. 

In 1941 Mitchell, Snell and Williams'^ 
were able to secure a substance from 
spinach which xvas essential for the growth 
of Strep, lactis and was defined by them 
as a growth factor for this particular 
organism. It was called folic acid. 

The last important contribution to our 
knowledge of folic acid (other than clinical 
contributions) was its synthesis in 1945 
by Angier ci al.^ and finally the announce- 
ment of its chemical structure by this 
same group in 1940.* Table 1 is a brief 
summary of some of the literature dealing 
with folic acid. 


was anemia. These patients were studied 
as follows; After proper baseline studies, 

including red blood cell count, hemoglobin, 
white blood cell count, reticulocjde count, 
examination of the peripheral blood, and 
hematocrit studies, the patient was placed 
on either oral or parenteral folic acid. 
Thereafter daily reticuloc}de counts were 
done. WHiite blood cell counts, hemoglobin 
and red blood cell counts were done twice 
weekly. Subsequent to the termination of 
folic acid therapy the abox’e routine was 
carried out for a minimum of 2 xveeks if 
possible. The follow-up studies of Group B 
patients (the leukopenias) differed only in 
that dailj’’ white blood counts and blood 
smear examinations were done instead of 
daily reticulocyte counts. All blood counts 
were done with Bureau of Standards equip- 
ment. The diagnoses as listed in Tables 2 
and 3 were well established oii the basis of 
both clinical and laboratorj' exddence and 
the diagnosis of malignant disease xvas in 
each case supported bj' examination of suit- 
able pathologic material. 

Results. The results of administration 
of folic acid are summarized in Tables 2 
and 3. 

1. Five cases of pernicious anemia in re- 
lapse have been treated with folic acid 
(see Cases 1, 2, 3, 4, 5, Table 2, Chart 1). 
All of these cases obtained a satisfactory 


Table 1. — Folic Acid Gnovp of Substances* 


Investigators 
1. Wills: and nilimoria^ 


2. Day and Lanp^ton*-* 

3. Stok5tad and Manning** 

Hogan and ParTott**.*^ 

4. Fnell and Peterson*’ 

o. Hutchintr*. Stok^stad, Bohonos 
and Ploho<lkin»3 

f>. Mitphrll. and William-si? 
7. AnpiPr tf ofd 


• This i«s not intcndpfi to bo 
snb«lnnco. 


II 

III 

Date 

Name 

1032-1935 

Vitamin B 

1035- 103S 

Vitamin M 

103S 

Vitamin B 

1030 


1040 

Norite eluate factor 

1043-1044 

L. raset factor 

1041 

rolic arid 

1045-1040 

Synthetic folic acid 


and (formula) 


rv 

Biologic actinty 

Cures or prevents nutritional cytop^'oifl 
in monkeys 
Same a? above 
Cures chick anemia 

Grott-th factor for L. cosn and 
Growth factor for L. ’ 

action similar to: Wtamm B. norn 
eluate factor, and vitamin M 
A potent hemopoietic factor 
Similar to “natural'* folic acid 


all the investigators concerned with ihh 


a complete sura'cy of all the eub'-tance** and of 


E.Trly in 194.5 synthetic folic acid* 
became available in large enough quantity 
to enable us to treat a number of leiiko- 
jienie and aneniie statc.s. 

Method. Tb'' jiatients were divided into 
2 grrniii-:, .\ and B. Grouji A p.atients were 
tli'xe in whom the jiriman.- consideration 


hematologic remission in their disease fol- 
lowing the administration of folic acid. 
On the average, the reticulocyte rc.spotise 
hegan on tiic 4th to the .5tli day following 
institution of treatment, reached a [K-ak 
on the 7th or Stii day and slowly fell 
to pre-treatment levels within 2 wcek.s. 


• Cotsr'.e-y of Dr. S. M. Hardy of lAxJorle Laboratories. Inc., X'ere Yorlc, New Y'ork. 
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Within 6 to 8 weeks the red blood cell 
count had increased on the average to 
292 % and the hemoglobin to 269 % of the 
values prior to giving folic acid. No 
direct counts were made on the number 
of blood platelets, although from observa- 
tions made from examination of blood 
smears, these elements were also noted 
to increase in number. At the end of 2 to 

4 weeks of folic acid therapy, 4 of the 

5 cases of pernicious anemia were given 
parenteral liver extract. No subsequent 
reticulocyte response was noted in any of 
these cases. 


preparation, it became necessary to give 
the patient whole blood transfusions and 
parenteral medication (see Chart 2). 

3. Case 6 is the only patient with sprue 
which we have had the opportunity to 
treat. As can be seen in Chart 3, the red 
blood cell count rose from 3.5 million per 
c.mm. to 5.01 million per c.mm., and the 
hemoglobin rose from 13.1 gm. % to 
14.7 gm. % in 7^ weeks. No reticulocyte 
response was noted. On the other hand, 
the clinical improvement was striking for 
the patient gained strength and weight 
and his diarrhea subsided. 
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Cuaht 1. — Ilcsponsc to folic acid in a case of pernicious anemia. 


2. The effoct of combined preparation 
of folic acid and iron on a patient with 
perniciou.s anemia is represented in Case 1. 
Tlii.s preparation was later found to be 
low in folic acid activit.v. On the 3rd day 
of treatment with this combined prepara- 
tion. the patient d(!Veloi)ot! diarrhea and 
ab'nrl)e<i little, if any, folic acid, for there 
was no reticidocytc re.sjKtnse and tlie Ixme 
marrow remaineti megaloblastic in tyjK-. 
The clinical contlition became rapidly 
worse and finally on the 5th ilay following 
iiistitutir>n of the combined folic acid-iron 


4. In 3 cases of macroc.vtic anemia of 
undetermined origin no effect was pro- 
duced by administration of folic acid (.‘^ee 
Cases 7, S and 9, Table 2). 

5. No beneficial effects were noted on 
the anemia of 4 cases of renal insufficiency 
treated with folic acid (see Cases 10, 11, 
12, 13. Table 2, Chart 4). 

G. The administration of folic acid pro- 
tiuced no effect on the IcukoiR-nia associ- 
ated with Adflison's disease (1 c.'isc) (.see 
Case 14, Table 3). 

7. In 1 cjLse of Felly ’.s syrufrornc no 
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effect of folic acid was detected on either 
the white or red blood cell count (see 
Case 15, Table 3). 

S. In 1 case of agranulocytosis resulting 
from thiouracil administration for hj'per- 
thjToidism, an increase of the white blood 
cell count was observed 7 days following 
the oral administration of 50 mg. of folic 
acid. It should be emphasized, however, 
that thiouracil had been discontinued at 
the same time that folic acid was begun 
(see Case 16, Table 3). 

9. Seven cases of idiopathic leukopenia 
have been studied. These cases were not 
suffering from the lack of any known 
nutritional factors, had not been e.\-posed 
to any material known to be to-vic to the 


following the administration of oral folic 
acid. Despite these responses this patient 
ultimately died and the leukocytosis, 
although apparently associated with folic 
acid administration was not permanent. 
The final counts lapsed to their former 
levels despite continuation of treatment. 

10. Two cases of leukemia have been 
given folic acid. Case 24, a patient rritli 
chronic l^-mphatic leukemia, was given 
folic acid because of leukopenia induced 
bj’ Roentgen radiation. At the start of 
folic acid treatment his count was 2600. 
Four days after receiving folic acid (total 
amount 20 mg.) his white blood cell count 
had risen to SOOO per c.mm. A second 
course of folic acid given 1 month later 



bone marrow and on pliysical c.vamination 
did not have palpable spleens. Despite 
numerous diagnostic te.sts, no satisfactory 
diagno.'is ct)tdd be csfabli.shcd. As can be 
seen from Table .3 no apparent beneficial 
efTeet van be attribute<i to the administra- 
tion of folic acid in these cases with the 
possible exception of Case 10, Chart 5. 
This child sliowed a .slight, but detectable 
leiikiK-ytic respmse on at iea.st 2 occlusions 


had a slight effect on the white blood cell 
count (see Case 24, Table 3, Chart 6). 

Case 2-5 was a patient with acute rnyeio- 
)»lastic leukemia wiio received 20 mg. of 
folic acid daily over a period of 2*3 day.s. 
Although there wa.s a transient ri.se in tiie 
hemoghdiin and red blood cell count fol- 
lowing administration of this drug, the 
patient .suectimbed 4 month.s after the 
on.=et of the disease. 
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11. Nine cases of leukopenia resulting 
from Roentgen radiation because of vari- 
ous types of malignant disease have been 
studied. In none of these cases was any 
effect noted on the level of the white blood 
cell count following folic acid administra- 
tion. Chart 7 is representative of this 
negative effect (see also Cases 26 to 34, 
Table 3). 

Discussion. 1. In our series of cases 
the best results of folic acid therapy were 
obtained in cases of pernicious anemia in 
relapse (see Chart 1). In general, the 
hematologic response parallelled, but was 
not identical with, the response obtained 
in liver-treated cases. These differences 
have been pointed out by others, Amill 
and Wright,® and Frommeyer and Spies,® 
and Meyer^® who have shown that the 
reticulocyte response following folic acid 


administration differs from what might 
be expected following the administration 
of active liver principle. Chart 8 shows 
this difference very clearly. In 5 cases of 
pernicious anemia treated with folic acid, 
the mean reticulocyte curve was not as 
high as was obtained in a comparable 
group of cases of pernicious anemia treated 
with potent liver extract. The chart also 
shows that in the folic acid treated group 
the reticulocytes tended to remain elevated 
over a longer period of time. 

Recently Frommeyer and Spies® and 
Heinle and Welch^® have observed that 
folic acid may not control the neurologic 
manifestations of pernicious anemia. In 
fact neurologic relapses have developed 
during folic acid administration. Although 
we have had no experience with the pro- 
longed treatment of pernicious anemia 



CuAnx 5 —Questionable tempoiaiy cfTect on the white blood count in a case of idiopathic leukopenia 

in an infant. 



CiUKT O.-Thc ciToct of folic acid upon a ca^e of chronic Ijmphatic leukemia in which leukopenia 

ro-'uUod from Rocntjrcn trentmont. 
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with folic acid it has been observed by us 
that the paresthesias so characteristic of 
this disease show little tendency to clear 
following administration of this drug (see 
Case 5). The answer to this interesting 
problem will have to await further study. 

2. In this group of cases of pernicious 
anemia, Case 1 was of particular interest 
to us. This patient received a combined 


folic acid-iron preparation which was later 
proved to be low in folic acid activity. 
The iron caused diarrhea and thereby 
might have impaired the absorption of 
folic acid given by mouth. This fact was 
supported by the observations that no 
reticulocyte increase was detected and 
that the bone marrow remained megalo- 
blastic in type. 


10 

9 

e 

7 


IRRADIATION LEUKOPENIA 


AH 237578 

NOTE PATIENT RECEIVED 
300 R OVER TEN DAT PERIOD 
PRIOR TO FIRST COUNT 


WBC ■ ■ 

NEUTROPHILES n D I 

LYMPHOCYTES ■ 



jpUC AClD 15 MG 00 ~] 


Cn.MiT 7. — FaiUiro to respond to folic .acid in a case of metastatic carcincraa of the thyroid piven 

Roentpen treatment. 


A COMPARISON OF THE MEAN RETICULOCYTE RESPONSE 


IN FIVE PATIENTS TREATED WITH INTRAMUSCULAR 
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It is true that in some cases of pernicious 
anemia tlie iron stores may be depleted, 
but since this is not the fundamental defect 
in this disease it seems unwise to jeopardize 
the absorption of folic acid by the use of a 
combination of this drug with iron (see 
Chart 2). 

3. The favorable effect of folic acid upon 
sprue has been reported by Darby and 
Jones,'* and Spies, Menendez ct o/d® who 
have shown marked hematologic and clini- 
cal improvement in patients who were 
treated for this disorder. For experimental 
purposes their patients were placed on 
diets low in protein and poor in vitamin B 
substances and were then given folic acid. 
Prompt clinical and hematologic improve- 
ment occurred. Their patients gained 
strength and weight, exhibited a pronounc- 
ed reticulocyte response and experienced 
a cessation of their distressing bowel com- 
plaints. Except for failure to produce a 
reticulocyte response, our single case 
showed a similar tendency to improve 
following folic acid administration. It can 
be seen in Chart 3 that the patient’s red 
blood cell count rose slowly. Perhaps the 
reason why a more striking hematologic 
improvement was not noted was because 
the patient was not profoundly anemic 
upon admission. However, the clinical 
improvement was quite satisfactory. 

4. The mere existence of a macroc^^'tic 
anemia does not imply that there will be 
a beneficial response to folic acid. For 
example, the 3 ca.ses of macrocytic anemia 
of undetermined origin (Cases 7, S and 9) 
showed no response to folic acid adminis- 
tration. No elevation of the reticulocyte 
count or the red blood cell count was 
noted in these cases. In otir experience, 
as in the experience of others,®* " the seem- 
ing prerequisite for a beneficial re.sponse 
to folic acid on the part of the red blood 
cell picture is a megaloblastic arrest as 
seen in the bone marrow. This may not 
be tnie in all cases but for the present at 
least this observation seems to be correct. 

5. Numerous theories have been pro- 
l)oundod as to the mechanisms of the 


production of anemia in chronic nephritis. 
Hematuria, bleeding into the tissues, hem- 
olj'’sis, loss of albumin, dietary deficiency 
in protein, direct toxic action on the bone 
marrow, insufficient blood regeneration, 
have all been implicated. Those who have 
studied the bone marrow in this type of 
anemia seem to agree that ultimately there 
is a selecrih^e erythroid hypoplasia which 
in some manner is associated with the 
azotemia. It is generally accepted that 
the ser’'erity of the erythroid hypoplasia 
and anemia is correlated with the degree 
and duration of the azotemia. In our 
cases early in the course of chronic nephri- 
tis the bone marrow may be normoblastic 
in type but subsequently there is an ex- 
haustion of the erj'throid elements and a 
tendency towards hypoplasia. It is inter- 
esting to note in our series of cases there 
was a slight but persistent reticulocytosis 
prior to the administration of folic acid. 
In none of the 4 cases in which this drug 
was used was there any hematologic re- 
sponse. We have no good explanation for 
the anemia of renal insufficiency or for the 
reticulocytosis which we have obser;'ed in 
this condition. We believe that a more 
e.xtensive search should be made for a 
hemolytic factor wliich may play some 
role in this type of anemia. 

6. It has been stated by Albright rt alJ 
t])at patients with Addison’s disease ex- 
hibit a relative neutropenia and lympho- 
cytosis in comparison with normal figures. 
Accordingly, it was thought to be of 
interest to study the effect of folic acid 
in this condition. No effect was noted on 
either the total white blood cell count or 
the differential formula in the 1 case which 
has been treated. Although the funda- 
mental hemopoietic defect which may 
cau.se leukopenia in Addison’s di.sease is 
unknown, we would e.xpect that folic acid 
would not correct the neutropenia which 
sometimes occurs in this condition. 

7. Little is known concerning the 
mechanism of leukopenia in Fclty’.s syn- 
drome. It is known tiiat splenectom\' 
does not produce lasting benefit in the.se 
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cases so that so-called “hypersplenism” 
is probablj’^ not an important factor. In 
the 1 case which was treated, folic acid 
had no effect on either the anemia or the 
leukopenia. 

S. One case of agranulocytosis result- 
ing from administration of thiouracil was 
studied. The apparent effect of folic acid 
in bringing about an elevation of the total 
white blood cell count in this case, we do 
not wish to attribute to folic acid. It was 
probably the result of removal of the 
patient from thiouracil treatment. The 
evidence is good at the present time that 
folic acid is neither of benefit as a prophy- 
lactic or therapeutic agent for the agranu- 
locytosis produced by thiouracil. 

9. Seven cases of “idiopathic” leuko- 
penia have been treated. In 6 cases the 
results of treatment were entirely negative. 
There was no alteration of the total white 
blood cell count or the differential formula. 
In Case 19 (sec Chart 5) there seemed to 
be a response to folic acid as the total 
white blood cell count and the number of 
granulocytes increased in number on 2 
separate occasions. However, this effect 
was transitory and the patient ultimately 
succumbed despite continuation of folic 
acid medication. The poor results ob- 
tained in this group are consistent with 
tlic findings of Doan,® and Spies-® who 
liave noted little or no effect of folic acid 
in cases of “ idiopathic” leukopenia treated 
with folic acid. 

10. IVc have treated 2 cases of leukemia 
with folic acid. As noted under Results, 
C ase 24 was a j)aticnt with chronic lymph- 
atic leukemia who wa.s given folic acid 
heeuu.se of a leukopenia iufluccd by Roent- 
gen radiation. Tiie white blood ceil count 
returned promptly to high levels (see 
Chart (■)). It ennnoi l>e sairl whether this 
ri'iuesented u true Tespt)n.<e to foHe acifl 
or whether it was men* eniiu*idenee. 

’i'iie .'■eeoud ea^e of leukemia which has 
le eti >tudi*'d- a ea.-'* of acute myeloldastie 
leukemia (t'a-e 2.'>i — wa*; given folie arid 
in a h-ukoji-'nie pha-e of the fii~ea-e, De- 
sjiite rm ajiparent reuuNdon eharaeterized 


by a feeling of well-being and an increase 
in the red blood cell count and hemoglobin 
values, this patient succumbed 4 months 
after the recognition of his disease. This 
poor result is typical of the findings of 
others®®'-® who have obtained similar ob- 
servations in the folic acid treatment of 
leukemia. However, as suggested by 
Case 24, there may be some rationale in 
giving folic acid to those cases of leukemia 
which develop leukopenia in the course of 
Roentgen ray therapy. This, of course, 
cannot be established from the findings in 
I case. 

11. Many investigators'®'’'*'®^'®® have 
shown the importance of folic acid in 
maintaining the normal white blood cell 
count. Considerable importance has also 
been attached to the study of the liv- 
ing organisms’ ability to respond to folic 
acid when e.xposed to certain conditions 
of stress. One of the most important 
of these studies has been the surprising 
observations of Watson, Sebrcll, McKci- 
vey and Daft®® who noted the correction 
of leukopenia induced by Roentgen radia- 
tion following the administration of folic 
acid. They reported favorable results in 
7 out of 8 cases so treated, but state their 
results were not conclusive and that 
further investigation was indicated. Nine 
cases of leukopenia of this type have been 
treated. In none of those cases have we 
obtained a correction of the leukopenia by 
the use of folic acid. It is difficult to 
understand how folic acid would be of use 
in correcting this type of leukopenia, but 
it must be admitted tiiat in a certain few 
eases there may he a nutritional factor 
wliich is in part rc.spon.siblc for the low 
white blood ceil cfuints. In tlie.se certain 
few ca.ses folic acid may be of some benefit. 

Summary. Re.sult.s of <a .study of .1! 
cases of varying types of blood dyscrasias 
treated with folie aciri .show that; 1. I'olie 
aekl will correet tiie almormal blood find- 
ings in c.'ises fif pernieioiis :uu’inia iti re- 
Jap*<e. 

2. It is likely that the neiirologie mam- 
fe.-tations of pernieioiis anernia are not 
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corrected by folic acid, 

3. In pernicious anemia the reticulocyte 
response in liver treated patients differs 
from that obtained in folic acid treated 
patients. 

4. It is probably unwise to combine 
folic acid and iron in the treatment of 
pernicious anemia. 

5. Sprue responded favorably to folic 
acid administration (1 case). 

6. All macrocytic anemias do not re- 
spond to the administration of folic acid. 
In those cases in which there is a megalo- 
blastic arrest in the bone marrow, favor- 
able results can be anticipated. 


7. Folic acid did not affect the anemia 
associated with chronic nephritis. 

S. The administration of folic acid did 
not alter the leukopenia associated with 
either Addison's disease or Felty’s syn- 
drome (1 case each). 

9. The apparent effect of folic acid upon 
the level of granulocytes is 1 case of thio- 
uracil agranulocytosis was probably coin- 
cidence for others have reported no effect. 

10. Folic acid had no effect on the leu- 
kopenia of idiopathic states. 

11. No beneficial effect was noted in 
2 cases of leukemia treated with folic acid. 

12. Folic acid did not correct the leuko- 
penia induced by Roentgen radiation. 


The autliors gratefully acknowledge the technical assistance of Miss Virginia Stever, Miss Laura B. 
Chamberlain and Mrs. Mary Ajcher. 
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We suggested recently® a penicillin 
mixture for clinical use which has the 
advantage of prolonged action, high fluid- 
ity, and readiness for injection with an 
ordinary syringe. The standard prepa- 
ration recommended for human use con- 
sists of a suspension of 300,000 u. crystal- 
line potassium penicillin in 1 cc. vegetable 
oil containing 0.3 mg. epinephrine. This 
is a milky suspension, available in vials 
and timpulcs, which can be injected with 
a 20 to 21 gauge needle. 

A clinical evaluation of the efBciency 
of this suspension iji cases of male gonor- 
rhea, conrluctcd by Cohn and Kornblith,® 
confirmed the advantages claimed. In- 
vestigations on the acti\'ity of this pen- 
icillin composition in other infections are 
in progress: one may anticipate that the 
clinical results will be parallel to those of 
Cohn and Kornblith, 7. c., increased activ- 
ity, determined by the repository effect. 

The present i)aper contains a number 
of observations gained in the course of 
our study; some of the.^ie have a general 
interest concerning the relationsiiips («) 
l)etween do.'.agc and penicillin levels, rate 
of absorption. flO'-age and animal species, 
sire of the individual, etc.; (It) between 
bloofl and tis.suc levels; and (e) between 
systemic and local elTect.s of the va.«o- 
eonstrictor. 

Material and Methods. In do". nabbit 
and man, 1 or 2 cc. of tb.c inateri.'il w.^- 
injcftcd intratnusrnb.rly (if not otherwise 


stated) into the buttocks. In the rat 0.1 cc. 
was consistently injected intramuscularly. 
Blood samples were withdrawn at various 
intervals after treatment and their penicillin 
content determined by the serial dilution 
method," using rabbit blood as indicator 
for the growth of Strep. hcmoJylicus, Tj'pe A, 
Group 3. The minimal penicillin concentra- 
tion which inhibited the growth of this micro- 
organism varied between 0.015 and 0.03 u. 
per cc., which is the usual sensifinty of the 
method. The blood was withdrawn from 
the jugular vein of dogs and rabbits, from 
the subaxillarj' arterj' of the anesthetized 
rat, and from the cubital vein of man. The 
organs of rats were removed after the animal 
was thoroughh' bled; their penicillin content 
was determined with the dilution method on 
the tissue bray, ground with sand in a mor- 
tar and diluted with twice its weight in 1 Ci 
phosphate buffer pH G. 

Results. The following observations 
are based on approximately 200 experi- 
ments on dogs, 120 on man, 50 on rabhil.s 
and -100 on rats. 

1. Ixn-UEXci; or the Veiiici.k ox thk 
Blood Level. Wc detennined, in tlic fir.=t 
pl.acc, the influence of tiic vehicle in w'hirh 
the penicillin is injected on the blood levels. 
Reprc.=entative data for the following media 
are .summarized in Ficurc 1 : (n) .■^aline, 

(h) {>eanut oil, fe) %vafcr/oiI eimibion similar 
to that recommended hy rreund and Tiiorn- 
son;’ (peanut oil -r -'>'1 '»f a ehoh'-terol 
ester prejiaration (F.alha or ,\merchol) emul- 
sified hy the addition of 2."i to .‘•aline), 
f/f) poariiit oil -r iK’e-wax, and (r) 

ethyl olf.-ite -f- -I'; ijce-w.ax. 
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It appears that ^Yith the penicillin dosages 
used in clinical practice (200,000 to 300,000 
units) oil alone and the water /oil emulsion 
give no prolongation of the blood level com- 
pared to the administration of aqueous solu- 
tions of equal dosage. This observation is 
in agreement with the report of Harris, 
Wilcox and Finland.® vSimilarly, aqueous 
gelatin, up to 50%, does not induce any 
prolongation of the penicillin level. The 
peanut oil beeswax mi.xture, recommended 
by Romansky’- exerts, as known, a great 
retaining power which is entirely due to its 
beeswax content. 

Two cc. of 4% beeswax in ethyloleate 
containing 250,000 u. Ca-pen\c\\\in (English 
preparation) gave shorter durations than 
300,000 u. in 1 eo. of 4.8% in peanut oil. 
The shorter duration of the English prepa- 
ration probabl}'^ depends on the relative con- 
centration of penicillin per cc. as the experi- 
ments of UngaF^ suggest rather than on the 
dosage difference. 

2. Influence of the Vasoconstrictor 
Dosage on the Blood Level. After hav- 
ing established the influence which the char- 
acter of the vehicle exerts on the absorption 
speed of intramuscularly injected penicillin, 
the effect of vasoconstrictors incorporated 
into the various media was studied. 

In the early part of the investigation, we 
noticed that extremely small doses of 
epinephrine incorporated in the emulsion, 
or in the oil, induced a veiy definite prolonga- 
tion of the blood level. Since a mixture of 
penicillin and epinejflirine can be prepared 
as a stable oily susjrension, we determined 
on experimental animals the quantitative 
relation between the duration of penicillin 
blood level and the epinephrine content. 
(Fig. 2.) A prolonging action of 0.01 mg. 
epinephrine on the duration of the blood 
level was alread}' noticeable; this action in- 
creases with increasing epineiflirine dosage, 
up to a "ceiling” dosage (0.2 to 0.3 mg.), 
where a further increase of epinepluine is 
without effect on the duration. The coiling 
in the prolonging effect of the vasoconstrictor 
might dc{)cnd on a maximal ischemic reaction 
of the surrounding tissue. 

In man we compared the effect of 0.25 mg. 
and 1 mg. ejnnephrine given subcutaneously 
with 300,000 units penicillin in 1 cc. oil. 


The differences found in duration were in 
the range of the individual variations. Thus 
it seems that this ceiling dose for the local 
effect of epinephrine is the same in man as 
in dog. 

3. Influence of the Penicillin Dosage 
(in Oil With Vasoconstrictor) , The blood 
level curves seem to indicate that following 
penicillin administration in oil containing 
vasoconstrictor the duration of the blood 
level increases proportionately up to onl}^ a 
certain penicillin dosage. Tliis ceiling dosage 
is approximatelj'- 200,000 u. for the dog and 
300,000 u. for man, which in the 2 species 
gives a 1 day level. 

In man, by increasing the intraTnuscular 
dose from 200,000 to 300,000 u., the length 
of the blood level is increased by 5 to 
9 hours, while the increase of duration is 
only from If to 3 hours when the 300,000 u. 
dose is brought to 000,000 u. This increased 
dosage induces, however, without substan- 
tially influencing the duration, blood pen- 
icillin curves running at higher levels. 

The blood levels following the adminis- 
tration of penicillin in oil with vasoconstric- 
tor are quite high for a prolonged period 
(10 to 15 hours), after which the progressive 
descent of the blood curve starts. Figure 3 
shows the great increase of the blood levels 
in man during the first 15 hours following 
the administration of penicillin in oil -p 
vasoconstrictor as compared to saline. 

Similar are the observations on dogs. B3* 
increasing the 200,000 u. dosage to 300,000 u. 
the average duration increases from I80 to 
22 hours; by increasing it to 400,000 u. the 
duration reaches up to 24 hours. 

In dog, as in man, bj' the use of an oilj" 
vehicle with vasoconstrictor high initial 
blood levels were maintained for long periods, 
generally for over 10 hours. The following 
examples illustrate the extent of this high 
initial “plateau;” 

Dog No. 2039~trcighi 9.6 kg. 

Injected with 200,000 u. potassium pen- 
icillin in 1 cc. oil and 0.05 ma. epinephrine: 

Sonim levels 

Hours after injection (units, 'cc.) 

21 4 0 

4J 12 0 

GI 4 0 

IG 0 5 
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Dog No. 205G—wdght 8 hg. 

Injected TOth 300,000 u. potassium pen- 
icillin in 1 cc. oil and 0.2 mg. epinephrine; 

Serum levels 

Hours after injection (units/cc.) 

1 9.0 

3 20.0 

7 S.O 

17 1.0 

The same dog, No. 2056, injected \ritb a 
higher dose, i. e., 400,000 u. crj'stalline potas- 
sium penicillin in saline, has, in contrast, the 
following concentration: 

Serum levels 


Hours after injection (units/cc.) 

1 9.0 

3 9,0 

7 0 03 

8i 0 0 


Two other important facts are \dsible 
from these examples, namely, that in the 
dog at least, following the injeetion of 
penieillin in oil with vasoconstrictor, the 
blood concentration reaches the same 
height as that obtained with penicillin 
injected in saline, though the appearance 
of the peak is delayed. In tlie e.vamples 
presented, the peak effect is reached 3 to 
4.] hours after injection of the oily sus- 
pension wth vasoconstrictor. This value 
represents the average recorded in our 
various experiments: minimum 2 hours; 
maximum 7 hours. 

In our animal experiments we do not 
find any impressive differences between 
various penicillin salts (crystalline potas- 
sium and sodium penicillin; amorphous 
calcium penicillin) when suspended in oil 
epinephrine medium in regard to the dura- 
tion of the blood level. However, a some- 
what shorter duration following intra- 
inu.scuiar injection of calcium penicillin 
into mm i.-f found by Dr. Qiically in com- 
parison to that .seen with the crystalline 
jxHa.ssiurn salt. (The durations witli Ca- 
penicillin in man arc similar to those ob- 
tained with commercial preparations of 
Ca-fX'iiicillin in ficanut oil containing 
■f.Sn beeswax.) This finding is in agree- 
ment with x-arious rejiorts concerning the 
.'•horter blood level following administra- 
tion of the amorjibou= calcium .‘'.alt of 


penicillin compared to the crystalline 
material administered in this mi.xture.* 
The particle size of the crystalline material 
has no influence on the duration in dogs 
injected intramuscularly -with 300,000 u. 
This is at variance vdth the results report- 
ed for the liquid POB mixture, and similar 
to the findings with the solid mixture.® 

4. Blood Level in Different Species. 
The duration of the demonstrable blood pen- 
icillin level is approximately the same in 
man and dog, if equal doses (300,000 to 

600.000 u.) of potassium penicillin in oil 
epinephrine are given. Accordinglj’, the 
minimal dose required to obtain a 1 day 
duration calculated on the basis of body 
weight is ini’ersel}' proportional to the size 
of the species. For the rat this dose is 

100.000 u. per kg.; for the rabbit about 

30.000 u. per kg.; for the dog 25,000 u. per 
kg.; for man 4000 to 5000 u. per kg. 

Generally speaking, it is not the rclathc 
but the absolute dose injected which deter- 
mines the prolongation of the penicillin 
effect. Tliis is particularly apparent in 
observing the duration following the injec- 
tion into dogs of doses used in human 
therapy. 

The same total amount of penicillin 
absorbed during an approximately equal 
time period— considering a fairly similar 
rate of elimination— results in higher blood 
concentrations in the species of smaller 
size. This statement is based on the 
figures of Table 1. 

The individual variations are as wide 
in experimental animals as in man. For 
instance, in dogs treated with 300,000 u. 
(in 1 cc. oil + 0.2 to 0.4 mg. epinephrine) 
the shortest blood level is 16 liours tlura- 
tion, tlie longest 26 hours. In man, 
treated subcutaneously xvith 600,000 u., 
the shortest duration i.s 18 hours, tlie 
highest so far recorded over 25 hours. 

5. Dcr.xtion of Penicti.li.n in TlS.St'E.s. 
The urinc.v of the .=iibjccts tre.ated with pen- 
icillin in oil wifit %-.a‘'ocon.‘'lriefor ronti.'m 
rcl.ativelv high .amount.^ of ji'Tocillin after 
the drug ceave.v fo be defect.'ibh' in the bh>od. 
The followinc e.xnuiple i.-' clmracteri-tie; 

3 in.ale subject's tre.afed Tiie-day 10 .x.M., v. ith 

800,000 11. in ] cc. oil eont.aining 0-3 me. 
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epinephrine; 7 hours after injection: blood 
level 0.63, urine 375 to 600 u.; Wednesda}’ 
xoox: blood samples negative; urine samples: 
0.5 to 1.8 u. per cc.; Thursda}* xoox: 0.1 u. 
per cc. in urine. This delaj-ed elimination 
of penicillin in the urine seems to be a gen- 
eral characteristic of repositorj" penicillin 
administration, since similar observations 
vere reported for the peanut oil beeswax 
mixture by Eomansky.’--’’ 

The presence of penicillin in the urine 
after the blood became negative led us 
to investigate its duration in the tissues. 
E.xpcriments on rats reveal that the dura- 
tion of the penicillin level is much more 
prolonged in the liver and kidney than in 
the blood. (See Fig. 4.) 


oil containing 0.06 mg. epinephrine given 
3 hours before injection protected the major- 
ity of mice. This is a high degree of pro- 
phylactic effect compared to that of an 
aqueous solution, which gives no protection 
at all in doses of 2000 u. per 20 gm. 

A certain improvement in the protective 
effect was noticed also using peanut oil sus- 
pensions of penicillin. To obtain this effect, 
howe^'er, the doses of penicillin required arc 
2 times higher than in the presence of a 
vasoconstrictor. 

(6) Experimental Rabbit Syphilis. Rab- 
bits with acute testicular lesions, infected as 
described Iw Ercoli and Lafferty," were 
treated intramuscularly with various doses 
of penicillin in oil with epinephrine. 



6. rnKMOTUKUAi’r.fTK: .VcriviTyTix Ex- 
!’Kl:nu;NTAl. I.N'n:'TKiN'.'. (a) EnnanrtrnrruF! 
T;ip‘ II . The diir.ation <if the jiroplylnrlir 
t'fTi'ct of vartf'U*: do-/'- of jynirillin in riil 
v;i^'>ro;;-!rietor v..")- eornp.'ired v.ifii fliaf foj- 
lov.i!;'.: ndinini-tr.'ifiosi in '•:v!ini' (ir in oil 
nior.f. 

Min' veri* inh'.-ted intrr'.T»Tito;u-;ilIy ’.>.ith 
li.*!") h d tif jCA uirA'i'' I'fu- a= 

,i, ..-ril 1 d I,-.- 1!’!"-’-: and S.-hTiit.-.-r,' .at variou- 
;nt. r'.a‘- afti r s-O'-ut-i:”'"’;- tn n.ttiii-nt. 


The sinalic't <lo-c 1 sindc injeclinn 
with lO.OTtO to 2.7,000 u. jxt ktr., induced rafiid 
di-appearanee ((i to 12 hour') of the .spiro- 
chete' and recrc'-ion of the .syphilitic le-ion 
{■\ to .S d.ays) in all 6 rabbit' treated. For 
the qinintitative evaluation of curative ac- 
tivity we itiu-t .await the re-ulf- of the 
lymph, node tran-fer. 

7. r.UA U’.fAf 01.0010 EvAI. CATION' OY V^'fO 

ri:E.S'f»u .\f'rroN. .\y known,'' the rdly 
vehi'de i!\ferferes v. ith the inffUi-itv of the 
'v-teadc action of ^■[J:^lepl^r^f!f■ l\e 
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ported® the absence of vasopressor acti\dty 
in man of penicillin preparations containing 
0.6 to 0.8 mg. epinephrine, i. e., twice the 
dose contained in the standard preparation. 
A large number of tests on anesthetized cats, 
carried out by Dr. E. J. Schachter, with 
the usual pharmacologic methods, showed 
that the intramuscular injection of 2 mg. 
epinephrine in 1 cc. oil, corresponding to 
0.6 to 0.7 mg. per kg. cat, does not produce 
a detectable increase of blood pressure. Onlj'- 
by massaging the site of the intramuscular 
injection is an increase of 7 to 32 mm. in 
the carotid blood pressure obtained when 
doses of 0.5 to 1 mg., or higher, are used. 

Discussion. Injected in oily suspension, 
tlie effect of epinephrine on the blood 
pressure is noticeably diminished, while 


nite amount. The “ ceiling duration dose ” 
for epinephrine is approximately 0.2 mg., 
while for penicillin it varies with the 
species. The existence of a ceiling dose 
for epinephrine is apparently related to the 
production of a maximal ischemic action 
on the surrounding tissue. It is more 
difficult to advance reasons for the “ ceiling 
duration dose” of penicillin. This is 
probably determined by various factors: 
an end-point in the epinephrine effect, 
the dispersion of the oily material, the 
instability of penicillin. An additional 
factor might be represented b}^ the rate of 
absorption of penicillin from the deposit. 
There is some justification for the assump- 
tion that the fraction of penicillin absorbed 



its delaying action on tlie absorption of 
penicillin remains extremely higli. The 
latter effect, which depends on a local 
ischemic reaction, apjrears with doses of 
0.05 to 0.1 mg., i. r., about onc-tAventieth 
ot one-fortieth of the dose required for 
eliciting a systemic vasojiressor action. 

The duration of the blood level cannot 
be prolonged beyond a certain ceiling 
period (20 hours) by increasing the dose 
of epinephrine and penicillin above a defi- 


in equal time intervals does not change 
with the absolute amount of penicillin in 
the tissue.s, wlicn given in oil epinephrine. 
Supposing that Ijalf of the penicillin pres- 
ent in the tis.sue is absorbed in 2 to 3 hour.s, 
the redoubling of the dose would cau.'^e 
an increase of the duration by 2 to 3 hours 
only. 

Ilith the larger rdatirc doses required 
to produce an equal duration in the smaller 
species, the amounts of penicillin absorbed 
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during the same time period are corre- 
spondingly larger and this obriously brings 
about higher blood concentrations. In 
fact, the relation in the peak concentra- 
tions reached •w'ith a 300,000 u. dose, 
which gives a 1 day duration in man and 
in dog, is proportional to their weight 
differences: 0.5 to 1 u. in man, 5 to 20 u. 
in dogs. Similarly, an increase of dosage 
from 300,000 to 600,000 u. in man results 
in correspondingly higher blood levels. 
These differences in duration, according 
to species and relative weight, are impor- 
tant from a methodologic standpoint; one 
has to consider them when the prolonga- 
tion obtained with a new preparation is 
interpreted. 


of the initial high concentrations. 

The therapeutic value of this “plateau" 
of high blood levels appears from the fol- 
lowing consideration based on the clinical 
results of Cohn and co-workers in tlie 
treatment of gonorrhea. The active intra- 
muscular dose which cures practically all 
(97%) cases of male gonorrhea is 0.5 cc. 
of our standard preparation correspond- 
ing to 150,000 u. of penicillin.^ The 
"duration" of detectable blood level fol- 
lowing such an injection is from S to 
12 hours. Twice this dose, {. e., 300,000 u. 
of penicillin injected in saline results, on 
the other hand, in an unsatisfactory cure 
rate,'* though the duration of the dctcdahlc 
blood level is similar, 8 to 9 hours, and 


Table 1. — Peak Seuum Con-centbatioks in Dog and Man Following Intbamdsculau 
.^D.MI.VISTBATION OF PENICILLI.V I.V SaLINE AND IN PeaNL'T OiL PlL'S VASOCO.VSmiCTOR 


Total do^aftp 
(units) 

200,000 . 
300,000 . 
‘JOO.OOO . 


Man 


Dor 


Units por ItR. Voliiclc 
2S00 Salino 

Oil + Vasocon. 
. 4200 Saline 

Oil 4- Vasocon. 
5700 Salino 

Oil + Va.socon. 


Sonim levels 
(units per ce.)* 

t 

0 3-1.25 
>1 25t 
0 0 

t 

0 C-1 .25 


Units per kp. \‘e!iiele 

20.000 Saline 

Oil + Va.socon. 

30.000 Saline 

Oil + Vasocon 

40.000 Salino 

Oil + Vasocon. 


Sertmi levels 
(units per re.) 

5 0-20 0 
1 . 2 - 6 0 
10 0 

1.2-10 0 
10 0-20 0 
2 5-10 0 


* The scrum levels arc tlie averaRcs of a larce number of determinations. 

t In man the initial maximum conrentration.s in s.alinc were not determined. The initial Iransi/or;/ 
peaks correspond to 4 to 5 units per cc.’ 


The experimental work on rats reveals 
that the prolongation of the penicillin in 
the organs, liver and kidney, outlasts by 
long periods the duration of the demon- 
strable blood level following injections in 
oil with vasoconstrictor. One might as- 
siime that the penicillin present in the 
organs — after its jiresence in the blood is 
no longer drlrclahlr — is of some therapeutic 
significance. certain number of experi- 
ments carried nut in this laboratory would 
indicate that the accumulation of penicil- 
lin in tlie organs, .such a.s ob.^erved follow- 
ing tre.-itment in oil with x'a.'ioeonstrictor, 
cannot be obt.aincd with high doses of 
jveniciiliri given reixcitedly in s.aline. 

The r-.\jwrimenial d.ata suggest that the 
tlierajH-utie advantages of tin- new pen- 
ieillin firefianition inve.'tigati-d deje-nd on 
llif prutnu ted dunition of the antibiotic 
in lb*- ti"t:e-. and on th'- long ‘‘{ilateau" 


the initial (very tninsitory) petiks areet'en 
higher. 

Therefore, a comptirison of the “dura- 
tion" of blood levels with tlie.se 2 treat- 
ments does not provide a sati.sfactory 
c.xplaniition of the therapeutic flilfereuee.s. 
The curative effect of the I.5(),(X)0 u. prejia- 
ration, in contrast to the .3(X),(X)() ii. given 
in saline, is due jirobably to the iilateaii 
effect at relatively high blood levels. 
This conclusion is in agr<-euient with the 
flata of Huck, ICrcoli. Kelly, I,<'wis and 
Schnitzel^ in exjierimental pneumonia: 
“the very high iniiiid jieak which was 
only observed after jiarentend administra- 
tion was of le.s.'Cr sigtiifieaiiee than the 
consistent level of comparatively low con- 
centration to lie found in the s< rum dur- 
ing the hours frillowing the .subeutamous 
as Well as the oral admitii-,tration," 

The more prohuiged retention of the 
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penicillin in the orgcans, as indicated by 
the urine levels, is probably an additional 
factor responsible for the increased thera- 
peutic effectiveness of the suspension in 
oil with vasoconstrictor. 

Summary. 1. The duration of the 
detectable penicillin blood level is not sig- 
nificantly increased when 200,000 to 
300,000 u. are injected in oily suspension 
or emulsion, as compared to saline. The 
addition of very small doses of epinephrine 
to the oily suspension gives a noticeable 
increase in the blood level duration. 

2. The systemic vasopressor activity of 
epinephrine is diminished by the oil, with 
the result that small fractions, one-twen- 
tieth to one-fortieth, of the therapeutic 
epinephrine dose prolong the penicillin 
levels. 

3. Compared to the approximatel.y o?ic 


day duration of the blood levels, the urines 
of the subjects treated with 300,000 units 
of penicillin (in oil vasoconstrictor) 
contained penicillin up to 2^ to 3 days. 
In experimental animals, it was found 
that the treatment with this penicillin 
preparation gives about 2 times longer 
durations in the organs than in the blood. 

4. The quantitative aspect of the blood 
level curves in relation to the dosage was 
studied. It is assumed that the improved 
therapeutic acti\dty depends on the pro- 
longation of the penicillin content in the 
organs and on the initial “plateau” levels 
in the blood. 

5. Prophylactic experiments in mice in- 
fected with pneumococcus Type II indicate 
also an increased duration of therapeutic 
effectiveness of the penicillin preparation 
in oil and vasoconstrictor. 


The authors ivisli to c.vpress their appreciation to Dr. R, J. Schachter for a number of blood pressure 
determinations, to Dr. F. Queally of the Medical Division of William R. Warner & Co,, for many c,vpcri- 
ments on human volunteers, to Drs. A. Cohn and B. A. Kornblith for sending blood samples of their 
oases, to Miss Margaret Whitehead for invaluable assistance in the bactcriologic work. 
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Ever since the effecti^'eness of penicillin 
therapy of gonorrhea, by repeated admin- 
istration of aqueous solutions of the drug 
was established in 1943,’’''' numerous at- 
tempts have been made to reduce the 
treatment to a single injection.'’ Various 
vehicles known to prolong the duration 
of penicillin effect have been used for 
this purpose.'*'*” The watcr-in-oil emul- 
sion proposed by Freund and Thomson^ 
gave, in our e.xperience* satisfactory thera- 
peutic results as did the beeswax-in-oil 
mixture according to Romansky.'* 

These preparations have, however, a 
certain number of shortcomings for the 
practitioner. The beeswax mixture is 
thick and becomes a resinous uninjectablc 
mass if any moisture reaches it. The 
beeswax occasionally produces foreign 
body reactions and local abscesses.*' The 
practical disadvantage of the material 
previously studied by us, i. c., the penicil- 
lin water-in-oil emulsion, is that the emul- 
sification process has to be done by the 
physician himself, with sterile materials, 
and the emulsion requires refrigeration. 

The mixture used in the present clinical 
investigation proved satisfactory in over- 
coming the disadvantages of the preceding 
preparations. It consists. in a suspension 
of crystalline penicillin-in-oil containing 
epinephrine. It is stable at room tem- 
perature and after brief shaking of the 
ampoule is ready for aspiration and injec- 
tion: it flows readily. The data relating 
to the prolongation of blood levels in ani- 
mals and man were presented by Ercoli, 


Hueper, Landis, Queally and Schwartz.” 
We treated a total of 300 cases of male 
gonorrhea with this preparation. The 
therapeutic results are reported in this 
communication.* 

I. Diagnosis, Treatment and Deter- 
mination OF Cure. The cases treated 
were 300 consecutive male ambulatory 
patients with acute gonococcic infections. 
The diagnosis was established by routine 
bacteriologic examinations of urethral 
smears and cultures. The preparation 
was injected intramuscularly into the but- 
tocks or subcutaneously into the upper 
outer quadrant of the gluteal region. For 
the major portion of the investigation an 
ampoule containing 300,000 units of potas- 
sium penicillin and 0.3 mg. of epinephrine 
in 1 cc. of a vegetable oil was used. The 
doses injected varied between 0.25, 0.5 
and 1 cc. Onlj'- exceptionally were 2 cc. 
doses used. 

Tlie criteria of cure were the following: 
(1) the absence of urethral discharge; (2) 
clear urine in the "2 glass” tests; (3) at 
least 2 negative cultures of both urethral 
and prostatic secretions during a period 
of at least 2 weeks (37 cases). In the 
majority of the cases followed up com- 
pletely (117 out of 154), 3 prostatic cul- 
tures were taken during a period of 
3 weeks. Peizer’s medium was used for 
cultures; the identification of gonococcus 
was confirmed in each case by sugar fer- 
mentation tests. 

II. Therapeutic Results. Out of 
300 patients injected with various doses 


* Tlie material used in this study was made available to us by the courtesy of Warner Institute for 
Therapeutic Research, New York. N. Y. • 
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of the preparation investigated, a total of 
154 could be followed up for 2 to 3 weeks, 
for the final determination of cure. The 
remaining 146 cases were delinquent 
(48.7%), The results of treatment with 
different dosage are given in Table 1. 


tration of 0.25 cc. per 75,000 units dose 
was successfully treated with 0.5 cc. per 

150.000 units, given by single injection. 
(The last case of relapse following the 

75.000 unit treatment was delinquent.) 
After probable cure and admitted sex 


Table 1.— Single Injection Treatment of Gonorrhea With a Suspension of Penicillin 

IN Oil Containing Epinephrine 


Volume injected 
(cc.) 

Epinephrine 

(mg.) 

Penicillin 
(Oxford units) 

No. c.'ises 

No. cured 

No. f.nilcd 

0 25 

0 06-0 

15 

I ntramuseular Administration 

75,000 2 

1 

* 1 

0 50 

0 15-0 

50 

150,000 

45 

44 

1 

1 00 

0 1 


200,000 

19 

19 

0 

1 00 

0 3 


300,000 

7 

7 

0 

2 00 

0 6 


600,000 

4 

4 

0 

0 25 

0 06-0 

15 

Subcutaneous Administration 

75,000 7 

6 

1 

0 50 

0 15 0 

50 

150,000 

54 

52 

2 

1 00 

0 25 0 30 

300,000 

11 

11 

0 

2 00 

0 60-2 

00 

600,000 

5 

5 

0 

Grand total 




154 

149 

5 


It appears that a single injection of 
0.5 cc. of the oily suspension, containing 

150,000 units of penicillin and 0,15 mg. 
of epinephrine is sufficient to cure gonor- 
rhea infection in the male. The bacterio- 
logic and clinical examination of 100 pa- 
tients so treated and followed up for 2 to 
3 weeks indicated a cure rate of 97%. 
Two of the 3 eases whicli relapsed showed 
transitory negative bacteriologic findings 
for a period of 24 hours and relapsed 
soon thereafter. Since tliese patients defi- 
nitely denied any exposure, a diagnosis of 
relapse was made. 

A single injection with 0.25 cc. of the 
suspension containing 75,000 units and 
0.075 to 0.15 mg. of epinephrine cured 7 
out of 9 patients. In spite of the small 
number of patients in this group, it is 
justifiable to conclude that this dose is 
insufficient for therapy. A single injection 
with 1 or 2 cc. of tlie su.spension containing 
from 200,000 to 600,000 units cured all 
46 cases followed up. 

It is notcwortliy that 3 cases which re- 
lap.scd following treatment with 0.5 cc. per 

150,000 units dose responded promptly 
to a second injection of the same dose. 
One case of relapse following the ndniinis- 


exposure, 9 cases were diagnosed as rein- 
fections. Five of these cases were re- 
treated with the original dose used, ?’. r., 
0.5 cc, per 150,000 units in 4 cases and 

1 cc. per 200,000 units in the fifth case. 
All these patients were promptly cured. 
The 4 remaining cases were delinquent. 

Immediate reaction to intramuscular 
injections of the suspension were similar 
to those observed when aqueous penicillin 
solutions are injected. They consist 
chiefly of a transient burning painful 
sensation whicli began about 20 seconds 
after the injection and lasted for about 

2 to 3 minutes. Sometimes it radiated 
downwards, to subside gradually within 
5 minutes. Subcutaneous injection pro- 
duced no radiating pain, hut in some easc.s 
a transitory 2 to 3 minutes’ painful burn- 
ing sensation was felt. The site of injec- 
tion was examined repeatedly during the 
course of the follow-up period and no local 
infiltration or other abnormalities were 
found e.xcept in 2 patients who developed 

3 cm. subcutaneous indurations which 
lasted for about 28 days. One of these 
patients was treated with a very higli dose 
of epineplirine; 2 mg, in 2 cc. 

Among 15 patients whose blood pres- 
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sures were taken before and after the 
administration of varying amounts of the 
mixture containing epinephrine, 8 showed 
no rise or fall in blood pressure. Six 
patients showed a drop up to 16 mm. of 
mercury within 15 minutes of the injection 
and 1 a rise of the blood pressure up to 
14 mm. of mercury. Thus, there was no 
significant effect on tlie blood pressure. 
There was no rise in the pulse rate. There 
were 2 cases which showed exacerbations 
of a preexisting derinatophytosis and Tinea 
cruris. 

Discussion. The foregoing observations 
indicate that the minimal effective dose 
for the treatment of gonorrhea b3' single 
injection with a preparation of penicillin 
in an oilj' suspension containing vasocon- 
strictor, consists of 0.5 cc. of the oilj' sus- 
pension containing 150,000 units of erj-s- 
talline penicillin and 0.15 mg. of epineph- 
rine. A cure rate of 97% followed this 
dosage. A second injection with the same 
dosage likewise cured the 3 relapsing cases. 
There were no relapses in the 46 cases 
treated -with doses higher than 150,000 
units. 

Our present results of therap^'^ compare 
favorably vath those folio-wing the admin- 
istration of 150,000 units of penicillin in 
4.5 cc. of a water-in-oil emulsion (cure 
rate 96.2%)' and vath multiple injections 
of penicillin in aqueous solution (cure rate, 
96.6 to 100%).= 

The prolongation of the penicillin effect 
bj' using epinephrine-in-oil as a vehicle 
for penicillin^ is probablj" responsible for 
the excellent therapeutic results. Com- 
paring our clinical findings -s^th the figures 
on blood levels given bj' Ercoli, Hueper, 


Landis, Queally and Schwartz, it would 
seem that the therapeutic dose of 150,000 
units .vields detectable amounts of pen- 
icillin in the serum of the patient for a 
period of approximately 12 hours. The 
observation that the relapses are as sensi- 
tive to treatment as the initial infection 
cannot be explained in the light of our 
present knowledge. It indicated, in any 
event, that the relapse strain is certainlj' 
not becoming resistant to penicillin. This 
observation limited to a small, statisticallj' 
insignificant number of cases deserves 
further studj" for its broader significance 
of the relation of penicillin effect upon a 
relapsing infection. 

Summary and Conclusions. 1. This 
study was directed toward the evaluation 
of a single injection treatment of gonor- 
rhea with a suspension of potassium penic- 
illin in oil containing epinephrine. 

2. Single injections of 150,000 units 
intramuscularlj’- or subcutaneousl.v, in a 
total volume of 0.5 cc. cured 97 of 100 pa- 
tients. The 3 patients who did not respond 
to the initial injection were promptly 
cured with a second injection of an identi- 
cal amount of penicillin. 

3. All of 19 patients who were treated 
with 200,000 units in 1 cc. intramuscuiarl.v 
were cured. Likewise all of 18 patients 
treated with 300,000 units in 1 cc. and all 
of 9 patients treated with 600,000 units 
in a total volume of 2 cc. responded to this 
form of therapj'. 

4. No untoward local or sj'stemic reac- 
tions were observed following the subcu- 
taneous or intramuscular injection of the 
suspension of crj'stalh'ne potassium peni- 
cillin in oil with epinephrine. 
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THE EFFECTIVENESS OF FENICILLIN IN THE TREATMENT OF 
NASOPHARYNGEAL DIPHTHERIA 

By Edward W. Bixby, M.D.* 

PHILADELPHIA, PENNSYLVANIA 


The early investigation of penicillin for 
clinical use revealed its effectiveness 
against the Corynehactemnn diiMierise,. 
The efficacy of penicillin in the treatment 
of diphtheria has not been as fully studied 
as in other diseases. Furthermore, con- 
troversy still exists concerning the clinical 
value of penicillin in diphtheria. The 
comparative paucity of clinical material 
has been partly responsible; the presence 
of the diphtheria toxin has also compli- 
cated the problem. 

This paper deals only with the manage- 
ment of the early case of nasopharyngeal 
diphtheria. From the data presented, it 
is thought that some conclusions can be 
drawn regarding the efficacy of penicillin 
treatment. It nfUst be realized that all 
the patients studied had been previously 
immunized according to the prescribed 
Army Schedule.'^ Initial immunization 
had been completed on all cases included, 
but the dates thereof and the dates of 
“booster” injections are not known. 

Procedure. The case material was col- 
lected over an 8 month period, from Septem- 
ber 1946 to Alaj'’ 1947. The patients in this 
series were young men in the United States 
Armj'- occupation forces deployed in the gen- 
eral area surrounding Frankfurt a/M, Ger- 
many. The hospital in which the patients 
were studied was the 97th General Hospital 
located in Frankfurt. 

Diagnosis, All cases diagnosed as diph- 
theria (nasophaiyngeal) had the usual his- 
torj' of acute sore throat, though vaiying 
greatly in intensity. General malaise and 
systemic comjilaints were usualh' present. 
The physical examinations revealed evidence 
of nasophaiyngitis. Briefly, there was usu- 
ally erythema and congestion of nasal 
passages. The pharynx, palate, tonsils, if 
present, and surrounding tissues showed 
erythema and edema. Tlic close-fitting, 


smooth, gray membrane described as typical 
of diphtheria was seldom seen. Ever}’’ case 
herein reported, however, had a positive 
nasal and/or pharyngeal culture for Coryne- 
baderium diphtherise; and further, each cul- 
ture reported positive and included in this 
series had a confirmed positive virulence test. 
The severity of the physical findings could 
not be con-elated with positive diphtheria 
culture reports, since many patients had a 
coincident follicular or parench 3 'matous 
tonsillitis. 

Baderiology. Bacteriologic identification 
of the corynebacterium was done routinelj’’ 
by the laboratory. The standard media and 
identification procedures in use throughout 
Arm}’’ laboratories were employed here. 

Every culture positively identified was 
forwarded to the United States Arm}'- 4th 
Medical LalDoratory. Here virulence studies 
were done under standard technique employ- 
ing guinea pigs. As mentioned above, only 
those cases giving positive virulence studies 
are included. 

Stmmary Card. To simplif}’- the following 
of patients and assembling data, summary 
cards were used. These had been in use b.v 
the medical service at the hospital for some 
time previous to this study. Since they 
proved to be of much value, a sample is 
shown in Figure 1, 

A total of 139 cases are presented; 88 of 
these received the “routine” treatment; 31 
received tlie “routine” treatment plus 
“penicillin earh^” 

Type of Trcaimenl. (a) By “routine 
treatment” is meant the following: Bed rest, 
nur.^ing care, neces.^^ary sedation and anal- 
gesia, special diets and the usual general 
medical measures. The specific or local 
treatment consisted of mouth waslies and 
gargles prepared of warm water, saline and 
occasionally peroxide. Every case received 
diphtheria antitoxin 100.000 units intramu.^- 
cularly. Tlie antitoxin was given in each 
instance as soon as a positive culture for 


♦ At present Medic-il Resident at the Pennsylvania Ilo-pital. Pliiladelphia, Peniib.vlvani.i. 
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corynebacterium was reported. In some in- 
stances the antitoxin was given before the 
culture report was received. The report of 
the \drulence test was not awaited before 
giving the antitoxin because of the additional 
time interval involved. In the gi-eat major- 
% of the patients sulfadiazine had been used 
before a diagnosis of diphtheria was estab- 
lished. Exact figures on the number of 
patients receiving sulfadiazine are not 
known, since the special reference cards did 
not always include that information. How- 
ever, the distribution of patients treated with 
sulfadiazine is approximately equal in both 
groups. No penicillin was given as a routine 
measure, either localty or systemically. 


2 days, and at 4 weeks plus 4 days. If the 
last 3 cultures taken were negative, the 
patient was considered no longer a carrier 
and was transfen-ed for convalescence or dis- 
charge. If any of the cultures following the 
original one were positive, the patient re- 
ceived further treatment as outlined below. 
Following this second positive report, again 
a period of 2 weeks elapsed before the series 
of 3 cultures 2 days apart was repeated for 
clearance. 

Results, (a) Routine Treatment. Of 
the 88 cases treated according to the 
“routine” method, 46 showed a positive 
culture at the first 2 week interval; 35 
cases showed a negative culture at the 


Fig 1. — Sample Patients’ Summary Card of Clinical Data 


Name 


Date of 1st 
positive 
culture 

Dates for future 
cultures 

Electrocardiogram 

Treatment Remarks 

Tj'pe of 
organism 

MJan.N/P 


14 Jan. — normal 

Penicillin, 20,000 u. 

Gravis 

— neg./pos. 

28 Jan. N/P — neg. 
11 Feb. N/P— neg. 
13 Feb. N/P — neg. 
15 Feb. N/P —neg./ 

2lJan. —normal 
28 Jan. — normal 

15 Feb. *— T wave 

q. 3 hrs. 

14 Jan.-20 Jan. 

Up and about 

No complaints 

Tonsillectomy, 

Graris 


pos. 

1 Mar. N/P-neg. 

3 Mar. N/P-neg. 

5 Mar. N/P— neg. 

change 

22 Feb. —normal 

1 Mar. — normal 

17 Feb. t 

Penicillin, 20,000 u. 
q. 3 hrs. 

16-lS Feb. 

Up and about 
No complaints 
Discharged 



N — nasal culture. P — pharyngeal culture. 


(b) By routine plus “penicillin earlj’” is 
meant the following : AU the measures men- 
tioned above w’ere included; but in addition 
the patient received penicillin intramuscu- 
larlj’. This drug was not used locally. And 
it should be noted that the penicillin was 
begun at the first report (bacteriologically) 
of a positive culture for corjmebacterium. 
These reports were usuall}' available within 
4 days. The penicillin was given intramus- 
cularb', 20,000 units every 3 hours. This 
was continued for 50 doses or 1 million units, 
unless otherwise stated. This dosage was 
arrived at empiricall}'^ and with the ad\1ce 
of others studjing the problem. 

Treatment Schedule. Following a positive 
culture report for C. diphtherise, the patient 
was transferred to the isolation section. Cul- 
tures of the nose and throat were then taken 
at an interv’al of 2 weeks from the original 
positive culture, at 4 weeks, at 4 weeks plus 


2 week interval; 7 additional cases treated 
in the routine manner, negative at the 
2 w’eek period, later w’ere showm to be in a 
carrier state by a positive culture appear- 
ing in the clearance series. Thus a total 
of 53 cases (60%) developed a carrier 
state as opposed to the 35 (40%) w’ho 
did not. 

(6) Penicillin Early. Of the 51 cases 
who received the routine plus “early’ 
penicillin treatment, 43 had negative cul- 
tures at the 2 week interval and S were 
positive. Of the 43, only 3 who were 
negative at 2 weeks, later became positive 
and required further treatment. The 
(79%), with permanently negative cul- 
tures as opposed to 11 positive cases 
(21%) is obviously a better result than 
that of those getting “routine treatment. 



bixby: penicillin in treatment of nasopharyngeal diphtheria 511 


It may be mentioned here that the 
2 week culture seems to be of considerable 
value as an aid to recognizing the possible 
development of the chronic carrier state. 
This is supported by the fact that only 
10 (13%) of the 75 cases negative at 
2 weeks, later became positive. In other 
words, prognosis regarding the absence of 
the carrier state is nearly 90% correct 
when based on the 2 week culture alone. 
This figure becomes even higher when the 
“early” penicillin group is considered 
alone. As mentioned, only 3 out of 43 
cases first negative later became positive. 
This is less than 7 % error. 

Further evaluation of the above is not 
possible because the patients reported posi- 
tive at the 2 week interval were put on 
intensified treatment programs immedi- 
ately. This was done to shorten the 
period of hospitalization necessary. 

(c) Hospitalization Time. A compara- 
tive study of the required time for hospi- 
talization between tlie 2 series is of interest 
(Table 1). The average time of hospital- 
ization for patients with a negative 2 week 
culture was 35 days; and the average time 
of hospitalization with a positive 2 week 
culture was 50.3 days. These figures for 
average hospitalization include patients 
who became negative without further 
treatment after a 2 week posit^^'e culture. 
They do not include some of those patients 
held beyond 50 days for recovery from 
complicating carditis. These patients had 
positive cultures at the 2 week interval. 
Consequently the 50 day figure is in error 
on the low side only. This difference in 
average hospitalization is also significant. 
These data give additional support to the 
value of the 2 week culture. 

(rf) Pcmcillin Late. In contrast to the 
results with penicillin given early, tlie late 
use of penicillin intramuscularly was not 
so successful; 40 cases of the positive 2 
week group (53) treated routinely on ad- 
mission, received penicillin only when the 
2 week culture had been reported positive. 
They received 1 million units of penicillin 
intramuscularly, 50 doses of 20,000 units 


at 3 hour intervals. Of these 40 cases, 
16 show^ed negative cultures (40%), while 
24 (60%) remained positive. Several of 
these 24 cases received penicillin in the 
dosage above a second time. None was 
successfully cleared of the carrier state 
until tonsillectomies were performed. 

Complications. There were no serious 
complications seen in this series. The 
most frequent postdiphtheritic damage 
found was a carditis diagnosed only by 
the electrocardiogram. Of the “routine” 
and penicillin “early” cases responding 
with a negative culture series, the percen- 
tage showing carditis beyond the first 
2 weeks was approximately the same ; 
namely, 42% for the former and 40% for 
the latter. 

Of the unsuccessful group treated rou- 
tinely, that is, those positive at 2 weeks, 
19 of 54 cases (35.2 %) showed a carditis. 
Certainly from this point of view penicillin 
cannot be said to have helped. However, 
of the group who underwent tonsillecto- 
mies, following penicillin at 2 weeks to 
clear the carrier state, 50% showed con- 
tinuing electrocardiographic changes for 
more than 4 weeks. The other 2 groups 
mentioned above (those with negative 
2 week cultures) each showed onlj' 30% 
having electrocardiographic changes longer 
than 4 weeks. 

The same group undergoing tonsillecto- 
mies had the longest average hospitaliza- 
tion of oi'er 61 days. This suggests that 
the longer an organism remains in the 
throat, the greater its chance of doing 
damage as manifested in this series by con- 
tinuing changes in the electrocardiogram. 

Discussion. It was interesting to find 
that the majority of cases harbored the 
gravis strain. This was almost universally 
true until November 1946. From that 
time on, a gradually increasing proportion 
showed the mitis strain. By ^Ia^ch 1947 
over 50% of cases were of mitis etiology. 
There was no significant difference found 
in the incidence of complications when 
cases due to the mitis strain were com- 
pared to cases due to the gravis strain. 
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In recent publications by Beyer and his 
co-workers' it was demonstrated that car- 
onamide (4-carboxj’phenyImethanesuIfon- 
anilide) administered orally, by inhibiting 
the rapid renal excretion of penicillin, was 
capable of maintaining higher and more 
sustained levels of penicillin than normally 
occurred after a given dose. In this re- 
search there is presented an evaluation of 
the toxicity of caronamide in children and 
of its efficacy in increasing the plasma 
concentration of orally administered pen- 
icillin. 

Penicillin is lost rapidly from the body 
fluids because of its rapid renal elimina- 
tion. It has been shown that penicillin is 
excreted by the kidney in the same man- 
ner as is p-aminohippuric acid (PAH). 
Since PAH at low blood concentrations is 
almost completely e.xtracted from renal 
arterial blood in one circulation through 
the kidneys, it follows that the amount of 
PAH appearing in the urine per minute is 
practically equal to the quantity' of PAH 
contained in the volume of plasma circu- 
lating through the kidney per minute. 
Thus the renal clearance for PAH and 
penicillin (i. c. the quantity of plasma from 
which these substances are completely 
removed in one minute by the kidney) is 


a measure of the renal plasma flow per 
minute.- The renal clearance of penicillin 
is accomplished by a combination of 
glomerular filtration and tubular excre- 
tion. Since this clearance approximates 
the renal plasma flow and since in man 
20 % of the renal plasma flow is filtered at 
the glomerulus (the so-called filtration 
fraction) the greater part (S0%) of urinary 
penicillin is excreted by the tubules. 

Caronamide decreases the rapid renal 
excretion of penicillin by its inhibitory 
action on the tubular excretory mechanism 
for penicillin. This inhibition is effected 
by halting the tubular transport mechan- 
ism involved, irithout caronamide itself 
being excreted by the tubules and TOthout 
inhibiting other tubular transport mechan- 
isms.^ This compound is eliminated es- 
sentially by glomerular filtration. The 
inhibitory effect of caronamide on the 
tubular transport mechanism is analogous 
to the in rifro competitive inhibition of the 
action of an enzyme on its substrate by 
another compound possessing an affinity 
for, but being refractory to, the action of 
the enzj'me. 

The mode of action of caronamide may 
be contrasted with the inhibition of pen- 
icillin excretion by Diodrast or PAH 


♦ Presented at the Philadelphia meeting of the Peripatetic Society, Februarj- 7-S. 1947, and the 
Society for Pediatric Research, Seventeenth Annual Meeting, May 12-13. 194T, held at Stockbndge, 
Mass. 



CLINICAL EVALUATION OF CARONAMIUE 


515 


(p-aminohippurate), which are excreted by 
the same mechanism as is penicillin.® 
These latter agents do not suppress the 
function of that.common transport system 
but in being excreted by it limit its func- 
tional capacity to excrete penicillin on a 
“mass action” basis. The rapid tubular 
excretion of PAH and Diodrast, together 
with the necessity for the parenteral ad- 
ministration of either agent, make their 
use for this purpose impractical in ordinary 
penicillin therapy. Caronamide, because 
it is excreted only by glomerular filtration, 
is eliminated at a relatively slower rate 
and may be administered orally. 

The compound caronamide was de- 
scribed by Sprague, Ziegler, Miller and 
Cragoe.'® It has the following chemical 
structure: 

^~yCH!SO,NH^ ^COOH 

BeyeP has reported this agent (1) to 
fulfill the original physiologic limitations 
imposed by the concept of its mode of 
action; (2) to be markedly effective in dogs 
in inhibiting the renal tubular elimination 
of penicillin at moderate dosages and in a 
reversible manner; (3) to enhance from 4- 
to 16-fold the chemotherapeutic effect of 
penicillin in experimental pneumococcic 
and typhoid infections in mice;* and (4) 
to have low order or toxicity in the 
mouse, rat, rabbit, dog and monkey. 

Toxicity Studies. Three groups of G 
patients each were selected from the ortho- 
pedic and medical serHces of the Chil- 
dren’s Hospital of Philadelphia for this 
phase of the work. These children consti- 
tuted a heterogeneous group from the 
standpoint of diagnosis and present medi- 
cal histories. Fifteen patients were stud- 
ied; three of them were used in both the 
first and third group. Ages ranged from 
2 to 13 years and weight from 21 to 100 
pounds (9.5 to 45.5 kg.). 

Transjiosing from the experimentation 
on dogs, it was anticipated that an effec- 
tive dosage of the compound would be 

* Dot.niled evideneo in support of this sf.itonicn 
Soc. Ktp. Biol, and Med., 65, 222, 1047). 


about 0.2 gm./kg./24 hours. Consequently 
the 3 groups of patients were given total 
caronamide dosages of 0.1, 0.2 and 0.4 
gm./kg./day, divided into equal aliquots 
and administered at intervals of 4 hours, 
day and night. The duration of each group 
study was at least 7 days. Before begin- 
ning each study, 24-hour urine collections 
and fasting blood samples for chemical and 
hematologic examination were obtained 
from each patient. Chemical and hemato- 
logic analyses \vere performed again after 
the first 3 or 4 days of drug administration 
and finally at the termination of the 
experiment. 

A systematic daily record, except for 
hematology and chemistry, wherein the 
following data were recorded, was kept for 
each patient; subjective and objective 
manifestations of toxicity such as nausea, 
vomiting, rash; daily temperature range; 
appetite; weight; 24-hour fluid intake and 
output; and blood pressure. In addition 
the following data were obtained: total 
erythrocyte and leukocyte counts; differ- 
ential white cell counts; hemoglobin ; blood 
urea, glucose, N.P.N.; urine casts, crystals, 
microscopic hematuria, proteinuria, reduc- 
ing substances, total nitrogen, Gmelin’s 
test for l)ile pigments, specific gravity, 
and pH. 

The course of events was such that the 
group receiving the 0.1 gm./kg./day dosage 
was started first. No patient was given 
less than 3 gm. per day, 0.5 gm. every 
4 hours, even if the calculated dose was 
less than this amount. After 3 da\’s 
wherein no sign of drug tolerance was evi- 
dent, the second group was started on a 
dosage of 0.2 gm./kg./day. After 4 days, 
the third group was begun, and this in- 
cluded 3 children from the first group 
whose medication was interrupted for only 
2 days. The daily dosage for this group 
was 0.4 gm.fkg.jday. Administration of 
the drug to 3 children in this group was 
stopped at the end of one week, but the 
others were allowed to continue taking it 

i' Riven in an anicle by Vervey and Miller (ProC 
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for a second week. Since the drug was 
available in 0.5 gm. tablets, in the case of 
the smaller children, they usually were 
mashed in a spoon and administered with 
orange, cherry, or strawberry syrup. 

Results. There were no manifesta- 
tions of toxicity that necessitated ndth- 
drawal of caronamide from any of these 15 
patients or the next group of 5 that 
received penicillin plus the drug. The 
patients tolerated the caronamide well. 
There was only one instance of vomiting of 
the tablets from day to day, and that was 
in a patient who had tolerated 6 gm. per 
day but who vomited frequently when 
given 18 gm. per day as a member of the 
third group. Other isolated instances of 
vomiting were attributable to giving the 
tablets without water, to a meal that the 
child disliked, or to other similar secondary 
causes. 

There were 2 isolated instances of 
crystalluria among the repeated urinalyses 
on each patient. These occurred in the 
second group (0.2 gm./kg./day) and at a 
urinary pH of 5.9 and 6.1 respectively in 
the 2 patients. These 2 children received 
5 and 5.5 gm. of the drug per day. 
The crystals were clustered as sheaves. 
There seems reason to believe that the 
development of crystalluria was dependent 
on the pH of the urine, since it was not 
encountered at pH values above 6.2. How- 
ever, there were 9 instances in which the 
urinary pH was below 6.2, in one case 5.9, 
where crystalluria was absent. No attempt 
was made in this study to avoid or attempt 
to correct these transient findings. The 
crystallurias were not accompanied by 
gross or microscopic hematuria or by casts. 

There were no changes in hematologic 
findings or persistent elevation of tempera- 
ture attributable to the drug. To be sure, 
temperature and leukocyte count increased 
following an intercurrent pharjTigitis, the 
development of a wound infection, and 
following a smallpox vaccination. The 
criterion of a drug fever was taken as an 
otherwise unexplained elevation of rectal 
temperature to over 100° F. on at least 2 


successive days any time during carona- 
mide administration. 

There were 3 instances of the appearance 
of a rash during or immediately following 
the administration of the drug. No 2 cases 
were alike in the nature or distribution of 
the rash. The first occurred on the fourth 
day of drug administration, the patient 
being in the first group (0.1 gm./kg./day). 
This rash consisted of small erythematous, 
grouped papules limited to the extensor 
surfaces of both vTists and was preceded 
by itching several days prior to the appear- 
ance of the rash. This child began to use 
crutches noth leather arm straps that were 
in constant moving contact with the wrists 
and it w'as felt that the rash represented a 
contact dermatitis rather than a drug reac- 
tion. Only traces of the rash could be 
made out at the termination of the e.xperi- 
ment 3 days later. On the fifth day a 
second patient in the third group (0.4 
gm./kg./day) developed a moderate 
maculo-papulo-vesicular rash on the lower 
portions of the legs and feet, including the 
soles. There w'ere a few lesions on the 
lower portions of her arms. This faded 
almost entirely within 24 hours. In both 
of these instances the lesions faded despite 
the continued administration of the drug. 

The third case occurred in the patient in 
the third group previously mentioned as 
having vomited frequently. She developed 
a florid small macular rash over her face, 
neck, arms and chest 24 hours after the 
termination of drug administration, which 
was accompanied by a mild palpebral con- 
junctivitis and a mild leukocytosis. There 
was no adenopathy. The rash faded com- 
pletely within 48 hours after its appear- 
ance. All 3 children who manifested these 
dissimilar rashes w’ere convalescent cases 
of poliomyelitis. 

Another interesting observation was the 
appearance of reducing substance in the 
urine of 3 patients in the third group, one 
of them being the patient described as 
having a rash 24 hours after discontinua- 
tion of the drug. In this case and in 
another the reducing substance was pres- 
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ent on only one occasion, but in a third 
patient it was present consistently during 
drug administration. 

This reducing substance was not glu- 
cose, nor was there any change in the 
blood glucose level at the time of its 
appearance or later. Instead, it appeared 
to be a pentose. In each instance where a 
qualitative test for urinary reducing sub- 
stance was positive (Benedict’s Test) it 
was also estimated quantitatively. A simi- 
lar amount of glucose was added to normal 
urine and aliquots of both specimens were 
yeasted to remove fermentable substances. 
Following yeasting, the control urines were 
negative whereas the test samples still 
contained their initial concentration of 
reducing substance. Tests for glucuronates 
were negative. Lactose was not the non- 
fermentable substance. The case records 
for medication, diet, etc., were irrelevant. 

It is probable that these were instances 
of pentosuria. One case of pentosuria (if 
such it was) occurred only at the time of a 
pharjmgitis in a convalescent poliomyelitis 
patient. Another occurred following vac- 
cination against smallpox of a patient hav- 
ing congenital malformation of the joints. 
The pentosuria was associated with an 
elevation of temperature. In the third case 
the pentosuria was only detected on the 
last day of the drug administration, 24 
hours before the appearance of a rash. It 
is quite possible that the pentosuria was 
precipitated by the drug under conditions 
of metabolic stress in patients undergoing 
some abnormal pattern of muscular or 
joint metabolism. A certain amount of 
credence may be lent this interpretation 
since pentosuria only occurred in post- 
poliomyelitic cases vith the exception of 1 
ease, inYoh-ing congenital malformations 
of the joints necessitating the patient’s 
legs being in a cast. 

This finding recalls the observation of 
I)r. A. S. Minot that patients ha^ig 
progressive muscular dystrophy have pen- 
tosuria." In contrast to this explanation 


was the report by Beyer, McKinney, and 
Tillson that young dogs given 1 to 1.5 gm. 
of caron amide/kg. /day on an identical 
4-hour dosage regime developed pento- 
suria. Dogs given smaller daily dosages of 
the drug did not manifest pentosuria.^'^ 

The occurrence of non-fermentable re- 
ducing substance in the urine has been the 
first and usuallj’^ the only characteristic 
systemic effect of the drug. The pentosuria 
was reversible by nitlidrawal of the agent, 
and its continued occurrence seemed of 
little consequence in either our patients or 
in the dogs referred to above. 

In general there were no effects attrib- 
utable to drug reaction that have not been 
noted in the foregoing discussion. 

The Effect of Caronavndc on Renal Fvne- 
tion and the Blood- Level Resj^onse to Penicil- 
lin Administered Orally. The design of 
these experiments was as follows: Five 
patients were selected for the stud}^ On 
successive days before administration of 
penicillin and caronamide renal function 
tests were performed on each patient. 
These included measurements of the glo- 
merular filtration rate (manitol clearance), 
minimal renal plasma flow (PAH clearance 
at low plasma levels), maximal ability of 
the tubules to reabsorb glucose (glucose 
Tm) and the maximal capacity of the 
tubules to excrete p-amino hippurate 
(PAH Tm). 

Follovnng the renal function test the 
first penicillin control phase wherein each 
patient was given orally 100,000 units of 
crystalline sodium penicillin-G* dissolved 
in water immediately before administra- 
tion and flavored -vrith a fruit s\Tup was 
begun. The dosage was repeated ever 3 ' 4 
hours day and night. Each morning the 
9 A.M. dose was given by one of us (other 
dosages were administered by the nursing 
staff). Breakfast was m’thheld until a 
blood sample was drawn e.vactly 1 hour 
after the drug was given. 

The duration of the first control phase 
was 4 days. The schedule was so arranged 


♦ The sodium salt of co'stAlline penicillin-G used in this irork is thought to be at least pure. 
It -was obtained from the Commercial Solvents Corp., Terre Haute, Ind. ' ^ 
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that during this period one 4-hour penicil- 
lin dose — plasma concentration response 
curve was taken on each patient. These 
were always started after the 9 A.ai. dosage 
and all food was a\athheld until after the 
last or 4-hour blood sample was taken for 
penicillin assay. Thereafter, at 1 p.ai., the 
next penicillin dose and lunch were given 
the patients. 

Since 10 cc. samples of citrated blood 
were desired for the Rammelkamp assays, 
the experiment had to be designed to mini- 
mize bleedings and yet obtain a maximal 
amount of information. Sufficient blood 
was dra^vn to permit repetition of an assay 
when desired. The bloods were dulled 
immediately and were handled aseptically 
tluroughout. The organism used in the 
assay of the plasma was a hemolytic 
streptococcus. Human red cells were used 
in the determination of end points and a 
half-step dilution system was employed to 
minimize the percentage error of the as- 
say.® It had been ascertained previously 
that caronamide did not influence penicil- 
lin assays.'*® The lower limit of the assays 
was 0.02 ju./cc. 

Immediately folio-wing the control per- 
iod the first drug phase, wherein a daily 
dosage of 0.2 gm./kg. of caronamide was 
didded as equally as possible into 6 ali- 
quots, and administered every 4 hours 
together wth 100,000 units of penicillin, 
was begun. Here again the duration of the 
test was 4 days, penicillin blood levels were 
determined daily 1 hour follovdng tlie 
9 A.M. dose, and a 4-hour penicillin blood 


level curve was obtained on each patient, 
once during the period. 

Following the initial drug phase the 
daily dosage of caronamide was doubled 
(0.4 gm./kg.). Othenwse the protocol was 
as has been outlined for the first drug 
phase. After the second 4-day drug period 
the administration of caronamide was 
stopped. 

The administration of penicillin was 
continued as a second control phase. 
Fort3'-eight hours after the last dose of 
caronamide and on 2 succeeding days 
either a 1-hour, or a 4-hour, penicillin 
blood level curve was obtained on each 
patient. There were 2 exceptions to the 
1-hour bleedings following the 9 a.ji. dos- 
age where this would have conflicted vdth 
renal function procedures. The renal func- 
tion tests were repeated on the children 
during and folio-wing this second penicillin 
control period. The tests on the first child 
were performed 48 hours after the last 
dose of caronamide. 

Tliroughout this whole procedure the 
laboratorj’- and clinical studies, except for 
chemistry, were carried out periodical!}' as 
in the toxicity studies. There were no 
notable changes disclosed bj' these tests. 

Results. The general effect of carona- 
mide on the blood level response to penicil- 
lin administered orallj' has been summar- 
ized in Table 1. Herein all the control 
values and blood levels at both levels of 
caronamide dosage have been averaged 
and compared at corresponding time inter- 
vals following the 9 a.ji. dose of 100,000 


Table 1. — The Average Penicillin Plasma Level Response of 5 Patients to the Oral Ad.vin- 

ISTRATION OF THE ANTIBIOTIC AGENT AlONB AND WiTH CaRONAMIDE 

The dosage of penicillin was 100,000 units every 4 hours. The dose of caronamide administered witli 
eacii dose of penicillin was one-sixth the daily dosage of 0.2 gm./kg./day or of 0.4 gm./kg,/da 3 '. 



Penicillin 

control 

(plasma 

Penicillin plus caronamide 
(0,2 gm./ke./day) 

Penicillin plus caronamide 
(0.4 pm./kg./tiay) 

Time 

Plasma 

Fold in- 

Plasma 

Fold in- 

.l/tcr 

dose 

cone. 

u./cc.) 

cone. 

(u./cc.) 

crease over 
control 

cone. 

(u./cc.) 

crefk'C over 
control 

1 hr. 

0 325 (2S)* 

0 507 (20) 

1.6 

0 910 (20) 

2 S 

2 hr. 

0 0S2 (10) 

0 155 (5) 

1.9 

0 412 (5) 

5 0 

3 hr. 

0.032 (10) 

0.090 (5) 

2.S 

0 257 (5) 

S 0 

4 hr. 

0.013 (10) 

0 020 (5) 

2 0 

0 ISS (5) 

14 0 


* Number of samples. 
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units of penicillin, or of penicillin and drug. 

Scanning the data in Table 1, it is 
apparent that the overall effect of the 0.2 
gm./kg./day dosage was to increase the 
penicillin plasma concentration 1.8- to 2.8- 


fold over the control values. The 0.4 
gm./kg./day dosage of caronamide further 
increased the antibiotic blood level from 
2.8- to 14.5-fold. Whereas the response at 
the lower dosage of caronamide was fairly 


Table 2.— The Average Antibiotic Plasma Level for Individual Patients One Hour Following 
THE Oral Administration of Penicillin Alone and With Caronamide 

The dosage of penicillin was 100,000 units every 4 hours. The dose of caronamide was one-sixth of 
the total daily dosage (0.2 gm./kg./day or 0.4 gm./kg./day) administered every 4 hours with penicillin. 


Patient 

Penicillin 

control 

(u./cc.) 

Plus 

0.2 gm. 
caronamide 
(u./cc.) 

_ Fold 
increase 
over 
control 

Plus 

0.4 gm. 
caronamide 
(u./cc.) 

Fold 

increase 

over 

control 

M. T. . 

. 0 430 (6)* 

0 529 (4) 

1 2 

0 899 (4) 

2 1 

0. L. 

. 0 282 (5) 

0 321 (4) 

1 1 

0 600 (4) 

2 1 

J. SI. 

0 387 (6) 

0 599 (4) 

1 6 

0 771 (4) 

2 0 

J. Su. 

. 0 321 (6) 

0 499 (4) 

1 6 

1 453 (4) 

4 5 

M. A. 

. 0 205 (5) 

0 586 (4) 

2 9 

0 858 (4) 

4 2 


* Number of samples. 



Hours 

Fig. 1.— Patient M. .V.: The effect of caronamide on the 4-hour antibiotic pla=ma level following the 
administration of 100.000 units of penicillin orally. C. 1 and C. 2 were tno control cuiwcs wherein pen- 
icillin was administered alone. The actual do'e of caronamide was given or.ally with penicillin 1 hour 
before lover drug curve vas 0.5 gm. Similarly.lhe dose of c.aronamide for the top drug curve was 1 gm. 
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uniform at all points in the 4-hour curve 
there was an incommensurate increase in 
its effect in the latter part of the 4-hour 
curve at the higher dosage. It is interest- 
ing that the effect on 1-hour plasma con- 
centrations increased fairly uniformly with 
the increase in caronamide dosage even 
though the amount of penicillin was held 
constant. The standard deviation of 
1-hour values for the controls was =*= 0.37; 
for the lower drug dosage, 0.58; and for 
the higher drug dosage =>= 0.2S. 

The 1-hour values for control and drug 
phases for each patient have been com- 
pared in Table 2. Here the indi^ndual 
increase in antibiotic plasma level 1 hour 
follovdng the coadministration of penicil- 
lin and caronamide was 1.1- to 2.9-fold 


for the 0,2 gm./kg./day dosage, and 2- 
to 4.5-fold for the 0.4 gm./kg./day dosage. 
This is probably the least favorable com- 
parison of the data that can be made since 
it assumes a maximal effectiveness of the 
caronamide coadministration at the height 
of the absorption of penicillin. From such 
data one might deduce that ordinarily the 
preponderant amount of penicillin ab- 
sorbed is excreted within the first hour. 
This would seem to be true since actually 
it is possible with the aid of caronamide 
to stop the excretion of sufficient penicillin 
to such an extent that its accumulation in 
the body amounts to as much as a 4.5-fold 
increase in antibiotic plasma concentration 
•ndthin 1 hour. 

In Figures 1 to 5 are presented the 



12 3 4 

Hours 

Pjq. 2. — Patient M. T.: The effect of caronamide on the 4-hour antibiotic plasma level followmg the 
administration of 100.000 units of penicillin oralb'. C. 3 and C. 2 -n-ere two control eim'es wherein pen- 
icillin was administered alone. The actual doses of caronamide given orally with penicillin 1 hour before 
the lower drug curve was 0.5 gm. Similarly, the dose of caronamide for the top drug cun^e was I gm. 
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individual 4-hour dose response curves for 
0 children. The curves in Figure 6 repre- 
sent the average control and drug response 
data for the group of 5 patients. The only 
noteworthy difference between these data 
and those presented in Tables 1 and 2 is 
the lack of a higher initial response follow- 
ing the greater of the 2 caronamide 
dosages. 

The renal function studies before and 48 
hours following the eighth day of adminis- 
tration of caronamide are summarized in 
Table 3. For technical reasons some of the 
values in both the initial and final deter- 
minations appear “out of line.” The de- 
terminations of renal function on 1 of the 
children who wore body casts were omitted 
as being unsatisfactory in both phases. It 


seems justifiable to conclude that carona- 
mide did not affect irreversibly glomerular 
filtration, renal plasma flow, PAH Tm, 
or glucose Tm, even though we acknowl- 
edge the unreliability of some of the abso- 
lute values given in Table 3. The magni- 
tude of the data presented in Table 3 is 
the same as Rapoport and Rubin had 
found previously to hold for children® and 
agrees with similar values for adults.® It 
had been ascertained previously in dogs 
that, whereas caronamide did decrease the 
clearance of PAH Avhen the two Avere 
administered together, it did not affect 
glomerular filtration, urea clearance, glu- 
cose Tm, arginine Tm, or sulfonamide 
clearance.^ 



Flo. 3. — Pftticnt J. S.; Tho effect of caron.irnide on the 4-hour antibiotic pla‘=m.'i level followinc the 
.administration of 100,000 units of penicillin or.ally. C. 1 and C. 2 « cre two control curve' wherein pen- 
icillin Avas administered alone. Tho actual dose of caronamide piven orally n-ith penicillin 1 hour be- 
fore the lower drup curve was 0.5 pm. Similarlj' the dose of caronamide for the top drup c\irve was 1 pm. 
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Table 3. — Renal Function Studies Befohe and Following the Oiul Administbation of 
Caronamidb in a Dosage op 0.2 to 0.4 gjl/kg./hay fob a Pebiod of S Days 

These values have been corrected to a body surface area of 1.73 sq. m. 

Patients 



0. L. 

M.T. 

J.Su. 

M.A. 

Surface area, sq. m 

0.98 

0.85 

0.88 

0.71 

Glomerular filtration rate, cc./min. ; 

B* 

125 

158 

111.8 

136 

At 

160 

126 8 

94.8 

127 

Renal plasma flow, cc./min.; 

B 

810.7 

802 

527 

609 

A 

732 8 

732 

633 

63S 

PAH Tm, mg./min.: 

B 

97.9 

112 

33.5 

50.4 

A 

74.7 

76.1 

55.4 

76 

Glucose Tm, mg./ min.; 

B 

341 

288 

292 

376 

A 

478 

241 

329 

409 


* B = Before therapy (control), 
t A = After therapy (drug effect). 



Hours 

Fig. 4. — Patient O L.: The effect of caronainide on the 4-hour antibiotic plasma level following the 
administration of 100,000 units of penicillin orally. C. 1 and C. 2 were two control curves 
icillin was administered alone. The actual dose of caronamide given orally with penicillin I 
the lower drug curre was 0.5 gm. Similarly, the dose of caronamide for the lop drug curve va-. l g 
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Summary. When tested in children, 
the oral administration of caronamide at a 
dosage of 0.2 gm./kg./day together with 
penicillin increased the antibiotic plasma 
concentration 1.8- to 2.8-fold over the 
control values when penicillin was admin- 
istered alone. When the dosage of carona- 
mide was increased to 0.4 gm./kg./day the 
penicillin plasma concentration was in- 
creased 2.8- to 14.5-fold over the control 
figures. 

There was no instance of toxicity in 
these patients that warranted discontinu- 
ance of caronamide when the compound 
was administered in oral dosages of 0.1 to 
0.4 gm./kg./day over a period of 1 or 2 
weeks. Although there were 2 urine speci- 
mens that contained drug crystals and 3 


instances of rash, in which no 2 cases were 
similar in appearance or distribution, these 
did not require special attention. Two of 
the rashes cleared up during continued 
administration of drug and the third 
appeared 24 hours after the drug had 
ceased to be given. There were 3 cases in 
which one or more isolated instances of 
“pentosuria” were found, and these were 
associated with a pharyngitis, smallpox 
vaccination, or the rash that appeared 
after the drug had been stopped. 

By means of renal function tests run 
before and at the end of the coadministra- 
tion of penicillin and caronamide it was 
ascertained that the latter compound did 
not influence irreversibly glomerular filtra- 
tion, renal plasma flow, PAH Tm, or glu- 
cose Tm. 



Fio- 5.— Patient J. S.; The cfTccf of caronamide on the 4-I)our antibiotic plasma level follotving the 
administration of 100,000 units of penicillin or.ally. C. 1 and C. 2 were two control cun’cs wherein pen- 
icillin \ras administered alone. The actual dose of caronamide given orally with penicillin 1 hour before 
the lower drug curve was 0.5 gm. Similarly, the dose of caronamide for the top drug cur^'e tvas 1 gm 
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Fig. 6. — The average effect of caronamide on the 4-hour antibiotic plasma level follo’ndng the admin- 
istration of 100,000 units of penicillin orally. The control curve represents an average of all the cor- 
responding values for both control phases. The coordinate for the lover drug curve are averages of all 
the corresponding penicillin values vhen the dose of caronamide administered vith each dose of penicillin 
was one-sixth the daily dose of 0.2 gm./kg. Similarly, the caronamide dose for the top drug curve was 
one-sixth the daily dosage of 0.4 gm./kg. 
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Carcinoma of the prostate, although 
frequently metastatic to bone, is not often 
associated with severe anemia. It is the 
purpose of this communication to point 
out that myeloplitliisic anemia may be the 
presenting manifestation of prostatic can- 
cer and that this anemia may respond to 
combined castration and female sex hor- 
mone administration. 

Case Reports. Case 1. J. W., a married 
painter of 47, was admitted to the Boston 
City Hospital August 17, 1929, complaining 
of pallor, weakness, loss of 75 pounds in 
weight, and pains in the arms and legs, all 
with onset approximately 9 months earlier. 
The pains had at first been intermittent but 
later were described as being almost con- 
tinuous and extending tliroughout the length 


of all four limbs. On occasions the pains in 
the arms had been shooting in character. 
Five months before admission he had suf- 
fered from acute urinary retention which 
required catheterization. There had been no 
other urinary symptoms prior to this nor 
did any develop subsequent to this single 
episode. Eight weeks before admission the 
patient awakened one morning with a left 
facial paralysis. He stated that on occasions 
he had noted edema of the legs during his 
illness. His past and family histories were 
irrelevant. He denied venereal disease. 

Examination revealed an extremely pale, 
markedl}’- emaciated, white man in no appar- 
ent distress, but appearing much older than 
the stated age. The peripheral arteries were 
markedl}^ thickened. There was generalized 
weakness and atrophy of all the muscles of 


Table 1.— Blood Findings Upon Admission in 3 Cases of Myelophthisic Anemia Secondary to 
Carcinojia of the Prostate With Skeletal Metabtases 



Case 1 

Case 2 

Case 3 

Red blood coils (millions per cinm.) . 

2 15 

2 74 

2 30 

Hemoglobin (gm. per 100 cc.) 

5 6 

7 2 

6 8 

White blood cells (thousands per cmm.) 

3 4 

5 0 

7 0 

Hematocrit (%) 


24 4 

24 0 

Mean corpuscular volume (c. micra) 

. 

89 0 

104 2 

Mean corpuscular hemoglobin concentration (%) 


33 9 

34 3 

Reticulocytes (%) 

4 S 

4 0 

2 0 

Nucleate"! lo 1 blood colls 

+ 

0 

+ 

-Vnisocytosis 

+ + + 

+ 

-f + -f 

Poikilocytosis 

+ + + 


+ + 4- 

Platelets 

128,000 

Increased 

Incrcased 

Icteric index 

4 

3 

5 

Non-protein nitrogen (mg. per 100 cc.) 
DifTcrontial: 

42 

27 

37 

Pob’morphomiclcar neutrophils (%) 

54 

07 

70* 

Eosinophils (%) . . . . 

, . 

2 

4 

Basophils (%) • ... 

1 

1 

. . 

Lymphocytes (Sc) ■ ... 

38 

11 

IS 

Monocytes (So) • ■ • .... 

* Bands 29. 

7 

19 

8 
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the trunk and limbs, and pressure over 42 mg. per 100 cc. No free hydrochloric acid 
muscles revealed moderate tenderness, waspresentinthegastricjuiceafterthesub- 
Neurologic examination was essentially nega- cutaneous injection of histamine. Lumbar 
tive except for a peripheral type of left facial puncture was negative. Stools were negative 
palsy. Heart, lungs, abdomen and skeleton for occult blood. Roentgen ray examination 
were normal on physical examination. The of the skeleton revealed widespread meta- 
prostate was of normal size, firm and smooth. static involvement of an osteoplastic type. 
Laboratory examinations showed the specific such as commonly originates in the prostate, 
gra^dty of the urine to range from 1.005 to Although most marked in the trunk, hip and 
1.010 with albumin and white cells constantty shoulder girdles, and proximal portions of all 
present. The blood non-protein nitrogen was four extremities, lesions could be seen extend- 



Fig. 1.— (Case 1.) Roentgea ray of pehas. 
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ing to the distal tips of the fingers and toes 
(Figs. 1 and 2) . The results of blood examina- 
tion are shown in the table. 

Transfusion of 500 cc. of whole blood was 
performed and a trial course of iron therapy 
was begun, which was not followed by any 
change in blood values. Two hundred grams 
of whole liver daily followed by 30 gm. of 
liver extract (Lilly 343) daily was unasso- 
ciated with any response. A second trans- 
fusion of whole blood was given 3 weeks 
after admission. On October 1 gross hema- 
turia occurred for 12 hours and then disap- 
peared. FolloAving this episode the patient 
had some difficulty in commencing urination 
and occasionally was incontinent. At this 
time repeated examination of the prostate 
showed it to be fixed and ver 3 ’’ firm although 
entirely smooth. The patient’s anemia 
became increasingly severe and in November 
the prostate felt stony hard and nodular. 
On November 19, approximatelj'' 1 year after 
the onset of sjmiptoms, the patient died. 
Postmortem examination was limited to the 
prostate which although stony hard ap- 
peared grossly normal. Microscopic exami- 
nation revealed scirrhous carcinoma. 

Case 2. H. S., a married caretaker, 64 
years of age, was admitted to the Boston 
City Hospital, December 1, 1933, complain- 
ing of increasing weakness, pallor, and loss 
of weight, with onset 6 months previously. 
For a few weeks there had been some aching 
in the shoulders, and in the muscles of tlie 
legs. For 3 weeks he had received iron and 
liver extract treatment with no noticeable 
effect upon his condition. There had been no 
urinarj’^ sjTOptoms of anj’- kind. His famify 
and past histories were irrelevant. Venereal 
disease was denied. 

Examination revealed a thin, pale, wliite 
man l 3 dng comfortabl 3 " in bed. All but 3 
teeth were absent. These were carious and 
surrounded b 3 ’" p 3 ’'orrhea. There rvas moder- 
ate tenderness of the calf and shoulder 
muscles on pressure and atroplu' and lack of 
tone of the calf muscles. Neurologic exami- 
nation was negative. The remainder of the 
plU'sical examination was normal. Rectal 
examination revealed a small, smooth, fixed, 
ston 3 ’ hard prostate. The urine was straw, 
alkaline, specific gravit 3 ’ 1.014, albumin nega- 
tive, sugar negative, microscopic negative. 
Examination of the blood is shown in the 
table. Roentgen ra 3 's of the chest and 


shoulders were negative. Roentgen rays of 
the pelvis and spine showed extensive osteo- 
plastic metastases invohdng the entire pelvis 
and the lumbosacral spine. The patient was 
discharged to the care of his private phy- 
sician. He died at home several months 
later. 

Case 3. H. G., a single retired barber, 
78 3 mars of age, was admitted to Cushing 
Veterans Administration Hospital on No- 
vember 30, 1946, complaining of increasing 
weakness, fatigabilit 3 '- and exertional d 3 '^spnea 
of 1 3 '^ear’s duration. Tlrree months before 
admission he developed constant pain in the 
left axillar 3 '^ line at the level of the 7th rib. 
For several months he had nocturia and 
slight difficult 3 ’^ in starting his urinar 3 ^ 
stream, with dribbling. His famil 3 '^ histor 3 ^ 
was negative. His past histor 3 " revealed 
recurrent malaria for several 3 ’^ears subse- 
quent to his initial infection in Cuba in 1898. 
“Creaking” of both shoulder joints on motion 
had been present for 20 3 '’ears and occasional 
transitor 3 '- chest and low back pain for 7 
years. 

Examination revealed a pale, thin, edentu- 
lous, white man in no apparent distress. 
The anterior-posterior chest diameter was 
moderately increased. The percussion note 
was hyperresonant. Expirator 3 ’- breath 
sounds were prolonged. A non-tender, 
smooth liver edge was felt 3 cm. below the 
costal margin. The upper border of liver 
dullness was in the 8th interspace b 3 '’ percus- 
sion. Skeletal examination was negati%'e 
except for crepitus upon movement of the 
shoulder joints. The prostate was enlarged, 
fixed, hard and contained several ston 3 ’- 
nodules. Laborator 3 '’ examinations showed 
the urine specific gra^^ty to var 3 ' from 1 .008 
to 1.020. Albumin and sugar were absent. 
Rare white blood cells and occasional red 
blood cells, h 3 'aline and granular casts were 
present. Stools were negative for occult 
blood. Kahn test negative. The blood non- 
protein nitrogen was 37 mg., serum calcium 
9.12 mg., phosphorus 4.3 mg., total plasma 
proteins 6.3 gm., albumin 3.3 gm., and 
globulin 3 gm. per 100 cc. Alkaline pho.=- 
phatase— 16.8 Bodansk 3 - units. Roentgeno- 
grams of the entire skeleton showed wide- 
spread osteoplastic metastases throughout 
the pehds, upper ends of the femora, thoracic 
and lumbar spine and ribs. 

Ferrous sulfate 0.33 gm. 3 times daily by 
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mouth and 15 units of concentrated liver 
extract daily by intramuscular injection 
were administered for 3 weeks. No rise in 
reticulocytes occurred and there was a 
decline in red blood cells to 2,000,000 per 
cu. mm. and in hemoglobin to 6.2 gm. per 
100 cc. During the 4th week the patient was 
castrated and 5 mg. of diethylstilbestrol was 
given by mouth daily. Blood studies im- 
mediatei 3 ' after operation showed the red 
blood cells to be 1,990,000 per cu. mm. and 
the hemoglobin 5.1 gm. per 100 cc. The 
hematocrit was 21%. Reticuloc 5 '-tes were 
followed for several weeks. No increase 
occurred. A gradual rise took place in red 
blood cells, hemoglobin and hematocrit to 
values of 3,500,000 per cu. mm., 11 gm. per 
100 cc. and 34% 2 months after castration. 
Concurrentty, nucleated red blood cells dis- 
appeared from the peripheral blood and the 
number of band form poljunorphonuclear 
leukocj’tes decreased to less than 5%. The 
patient’s strength and sense of well-being 
improved markedly. Bone pains disap- 
peared. This clinical improvement was 
maintained. The blood levels on July 18, 
1947, 7 months after castration, were: Red 
blood cells, 4,000,000 per cu. mm., hemo- 
globin 12 gm. per 100 cc., white blood ceUs 
6500 per cu. mm., hematocrit 38%, mean cor- 
puscular volume 90 cu. micra; polymorpho- 
nuclear neutrophils 74% (band forms 1%), 
lymphocjdes 25%, monocjdes 1%. The red 
blood cells appeared normal on stained films; 
there was no polj^chromatophilia and no 
nucleated erjdlirocjdes were present. Mod- 
erate regressive changes were noted in the 
roentgenologic appearance of the skeletal 
metastases. The blood values continued to 
remain at the same level during the next 6 
months. The last observation was made 
Jan. 24, 1948. The patient continues as 3 'pm- 
tomatic 13 months after the institution of 
therap}'. 

Discussion. The above cases illustrate 
the fact that severe m 3 'elophthisic anemia 
accompanied b 3 ' weakness and loss of 
weight mar' be the presenting manifesta- 
tions of carcinoma of the prostate with 
extensive skeletal metastases. Examina- 
tion of the prostate in Case 1 revealed 
little in the way of abnormality at the 
time of admission. Later is this case, 
and in the second case on admission hard- 


ness and fixation of the prostate were 
found. However, vuthout the Roentgen 
ra 3 ' evidence of skeletal involvement the 
diagnosis of carcinoma of the prostate 
would have been more difficult to establish. 

In Case 1 the existence of metastatic 
lesions extending to the distal phalanges 
of the hands and feet is rather remarkable 
since metastatic lesions rarely are found 
below the knee or elbow. The mechanism 
of myelophthisic anemia remains some- 
w'hat obscure although it would appear 
reasonable to believe that the hemato- 
poietic marrow has been crowded out by 
the abnormal tissue. Vaughan'^ believes 
that certain cancers deprive the hemato- 
poietic cells of necessary nutritional fac- 
tors, thus leading to an imperfect formation 
of blood cells. 

Several recent reports have noted im- 
provement in anemia coincidental with 
the modern treatment of prostatic carcin- 
oma but no blood values have been 
reported.®”'' 

A question which natura!l 3 ' arises is 
whether the effect of castration and estro- 
gens in the last case was directly upon 
blood formation or indirectly through an 
effect on the cancerous metastases. The 
absence of testicular function, as in 
eunuchs, tends to* lead to slight anemia. 
In 7 out of 8 such cases given meth 3 'l 
testosterone or testosterone propionate or 
both, the red blood cells and hemoglobin 
increase.*® Castration of rats leads to a 
moderate decline in red blood cell and hemo- 
globin values, ■* and regeneration of blood 
after induced hemorrhage in such animals 
is less rapid than in normal rats.® The 
administration of androgens to castrated 
rats leads to marrow h 3 'perplasia and red 
blood cell increases,'' and similarl}' speeds 
the regeneration of red cells following 
induced hemorrhage in both normal and 
castrated rats.® Androgen administration 
in rats prevents the pancytopenia which 
follows h 3 'poph 3 'sectom 3 ’.‘' There is thus 
little emdence which would suggest that 
castration with the concomitant decline 
in androgen production would directi3' 
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lead to an increase in red blood cell forma- 
tion; rather the reverse might be antici- 
pated. 

In therapeutic doses in women there is 
no evidence that stilbestrol produces any 
change in the blood.®-® In rats no change 
in the bone marrow or the peripheral blood 
occurs with doses comparable to those used 
in man.^® With excessive doses, ranging 
from 5 to 500 times the usual maximum 
therapeutic dose, rats develop anemia, 
leukopenia, thrombocytopenia and bone 
marrow hyperplasia followed by hypo- 
plasia.®-”-^® In dogs massive doses first 
produce leukocytosis which is rapidly fol- 
lowed by leukopenia (eventually culmi- 
nating in agranulocytosis), anemia, throm- 
bocytopenia and bone marrow hypo- 
plasia.' The administration of 10 
mg. of diethylstilbestrol to adult rhesus 
monkeys has been reported as having no 
effect on the blood except for slight 
anemia,® but following the administration 
of carbon tetrachloride a similar quantity 
leads to marked anemia,® 

Similar effects to those obtained ndth 
stilbestrol have occurred following the 
administration of estradiol benzoate to 
rats® and to dogs.®-®-'® Estradiol has like- 
wise been shown to retard red blood cell 
and hemoglobin regeneration after induced 
hemorrhage in rats.® There is thus no evi- 
dence that stilbestrol stimulates erythro- 
poiesis. but rather that in large doses it 
produces pancj'topenia with bone marrow 
hjqioplasia. 

Although much of the above work was 
performed on animals and thus may not 
be strictly applicable to man, the fact that 


in Case 3 nucleated erythrocytes disap- 
peared from the peripheral blood and the 
number of band form polymorphonuclear 
neutrophils decreased markedly suggests 
that either one or both of the therapeutic 
procedures directly affected the carcinoma 
in the bone marrow. Whether this effect 
is a specific one for prostatic carcinoma or 
whether the effect is obtained by virtue of 
an action of estrogens on the bone pro- 
ducing or destroying cells is not clear. It 
is felt that the results obtained warrant 
a trial of estrogenic therapy in cases of 
mjmlophthisic anemia due to metastases 
from other types of carcinoma. 

Summary. Three patients with myelo- 
phthisic anemia as the presenting mani- 
festation of carcinoma of the prostate with 
widespread skeletal metastases have been 
presented. The first two of these patients 
were observed before present-day methods 
of treating carcinoma of the prostate were 
evolved. Each died within a few months 
of diagnosis with anemia controlled only 
by blood transfusion. The third patient, 
whose blood values declined during a pre- 
liminary period of treatment with iron 
and liver extract, was castrated and sub- 
sequently treated with 5 mg. of diethyl- 
stilbestrol daily, follow-ing which the blood 
values returned nearly to normal. Symp- 
toms referable to skeletal involvement dis- 
appeared. This improvement was still 
present 7 months later. Although the 
mechanism of this response is unclear, it 
is suggested that the treatment so affected 
the metastatic cancerous tissue invading 
the bone marrow that more normal hema- 
topoiesis was able to take place. 
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Interest in the field of antihistamine 
therapy has stimulated a search for newer 
compounds possessing greater acti\dty in 
allergic states than those presently avail- 
able, and which at the same time may 
prove to be less toxic when used clinically. 
A promising development in this line of 
endeavor has been the synthesis® of N- 
(a-pj'ridil)-N-(a-thenyl) -N', N'-dimethyl- 
ethylenediamine hydrochloride, supplied 
to us for this study under the name of 
Thenylene.* 

A r H H CH, 

I 1h\ I 1 / 

! 1 “/N— C— C— N . HCl 

I ! \ 

H H CHs 
N 

This compound is closely related to 
Pyribenxamine and Neoantergan and dif- 
fers in chemical structure by the substitu- 
tion of a thiophene radical for the benzyl 
or methoxybenzyl ring. Thenylene, in 
common with other antihistaminics pre\’i- 
ously investigated, possesses marked speci- 
ficity against the pharmacologic actions of 
histamine. It abolishes the histamine 
contraction of the isolated guinea pig 
ileum, markedly reduces the vasodepres- 
sion induced by histamine in the anes- 
thetized cat, and protects the guinea pig 
against the lethal effects of aerosolized or 
intravenous histamine, Acti\'ity against 
the acetylcholine and barium chloride con- 



tractions of the rabbit’s intestine is rela- 
tivelj'^ small as compared to atropine and 
papaverine.® Acute toxicity in mice® is 
comparable to Pyribenzamine and Bena- 
dryl. Animals receiving 20 mg. per kg. 
of the drug for 4 weeks showed no patho- 
logic organ changes. There have been 
noted in other studies, pathologic changes 
in the liver of some animals receiving mas- 
sive doses over prolonged periods of time.'* 

In the present investigation, the anti- 
histaminic, antianaphylactic, and anti- 
allergic properties of Thenylene were stud- 
ied in order to make some comparison 
with other drugs of this series, and to gain 
some insight, if possible, into the relation- 
ship of antihistaminic and antianaphylac- 
tic activity to clinical efficacy in allergic 
states. 

Antihistashnic Activity. A standard 
protective dose of 3 mg. per kg. of Thenyl- 
ene was administered intraperitoneally to 
a group of male guinea pigs, 400 to 5(W gm. 
in weight, 15 minutes prior to the intra- 
venous injection of histamine (Table 1). 


1.— PROTEcm-E Action or Tbenteene, 
3 Mg. per Kg., Against Increasi.vg 
Amounts of Histamine 


Histamine l.V. 
(mg. (base)/kg.) 

0.4 

0.8 

0.12 . 
2.0 . 

3.0 . 

4.0 

5.0 . 

6.0 


No. 

Mortality 

lima Is 

(%) 

0 

0 

8 

13 

7 

29 

8 

50 

10 

50 

10 

80 

10 

90 

10 

100 


* The eipcrimcnta! work in this study was supported by a grant from Abbott Lafxjratoncs, i or i 

Chicapo, lUiDois* ^ 

• Tlicnylcnc brand of X-(a-p.vTidyI)-N-(a-thcnyl)-N', N'-dimethylethylcnediamine hydroclilon c 

supplied by the Abbott Research Lalxiratorics, North Chicago, Illinois. The same drug J.s un g 
clinical trial by Eli Lilb' Co., under the designation of Histadyl. 
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The 100% lethal dose of histamine when 
injected into the penile vein of male guinea 
pigs has been determined to be 0.4 mg. 
per kg. of the base.^ This standard dose 
of Thenjdene protected all animals against 
1 lethal dose of histamine, while 50% of 
the animals survived as much as 3 mg. per 
kg. of histamine, approximately 8 lethal 
doses. Six mg. per kg. of histamine, or 
15 lethal doses, produced 100% mortality 
in this group of Thenylene-treated ani- 
mals. The protective action of decreasing 
amounts of Thenylene against 1 lethal dose 
of histamine was also determined (see 
Table 2). One mg. per kg. of Thenylene 

Table 2. — Photective Action of Decreasing 
Amounts of Thenylene Against 1 Lethal 
Dose (0.4 Mg./Kg, Base) of Histamine 


Thenylene 

No. 

Mortality 

(mg./kg.) 

animals 

{%) 

1.0 

. . 10 

0 

0.1 

. . 10 

60 

0.01 . 

. . 10 

100 


prevented death in all animals tested, 
while 0.1 mg. per kg. protected 4 out of 
10 guinea pigs against fatal shock. A dose 
of 0.01 mg. per kg. afforded no protection. 

Antianaphylactic Activity. Male 
guinea pigs, 400 to 500 gm. in weight, 
were sensitized by the intraperitoneal in- 
jection of 0.1 cc. of normal horse serum, 
TNvelve days later a shocking dose of 1 cc. 
of the same serum was administered intra- 
venously (see Table 3). Of the controls. 

Table 3.— Protective Action of Decreasing 
Asiounts of Thenylene Against 
Anaphylactic Shock 


riienylene 

No. 

Mortality 

(mg./kg.) 

animals 

(%) 

0 (control) 

14 

100 

10 . . 

. 10 

20 

0.1 . . 

. 14 

43 

0 01 . . 

10 

100 


100% died in typical anaphylactic shock. 
Tlie remaining guinea pigs were divided 
into 3 groups, and given 1,0.1 and 0.01 mg. 
per kg. of Thenylene respectively by intra- 
peritoneal injection, 15 minutes prior to 
the shocking dose of antigen. Fatal ana- 
phylaxis occurred in 20% of the animals 
receiving 1 mg. per kg. of Thenylene. A 
mortality of 43% occurred in the group 


pretreated with 0.1 mg. per kg. Those 
receiving 0.01 mg. per kg. were not pro- 
tected against fatal anaphylactic shock. 

Antiallergic Actiitty. The clinical 
action of Thenylene was studied in 117 
patients with 1 or more allergic complaints 
(see Table 4). Twenty patients had 2 


Table 4, — Clinical Results With Thenylene 



No. 

treated 

Im- 

proved 

Unim- 

proved 

Urticaria: 

Acute 

5 

4 

1 

Chronic .... 

9 

7 

2 

Seasonal hay fever . 

40 

30 

10 

Rhinitis, perennial aller- 

gic 

50 

32 

IS 

Asthma 

21 

7 

14 

Dermatitis: 

Atopic .... 

2 

1 

1 

Contact .... 

5 

4 

1 

Unclassified 

2 

0 

2 

Headache, allergic . 

2 

0 

2 

Pruritis ani, allergic 

1 

0 

1 


complaints, and the effect on each was 
not necessarily the same. A favorable 
effect on certain allergic symptoms was 
observed, similar in nature to that exerted 
by other known antihistaminics. Clinical 
effect when present, occurred within 30 
minutes following oral administration, and 
lasted several hours. The drug was usu- 
ally administered to adults in doses of 
100 mg., while one-quarter to one-half 
tliis amount was given to children. In 
those with constant symptoms, the drug 
was prescribed 4 times daily, after meals, 
and at bedtime. Where symptoms were 
intermittent it was recommended only 
when necessary. In many instances it 
was found tliat smaller amounts than 
originally prescribed were adequate in 
controlling symptoms. 

The majority of patients with urticarial 
dermatoses noted a reduction of lesions 
and pruritus following each dose of drug. 
In 5 cases of acute urticaria, all but 1 ex- 
perienced marked symptomatic relief, 
while 7 of 9 patients with chronic urticaria 
noted a favorable effect. Approximately 
75 % of acute seasonal hay fever obtained 
some benefit from the drug, although 
relief of s\Tnptoms was seldom complete. 
The mild discomfort occurring in some 
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patients who had received protective im- 
munization against the specific allergen 
to which they were sensitive appeared to 
be more greatly benefitted than the 
severer symptoms of unimmunized indi- 
viduals. In many cases the drug appeared 
to be more effective in alleviating symp- 
toms at the onset and height of the rag- 
weed pollinating season than in the latter 
days when the pollen count was declining. 
This has also been observed to be the case 
with other antihistaminic drugs. Sympto- 
matic benefit was somewhat less in cases 
of non-seasonal allergic rhinitis, 64% of 
patients noting some improvement. The 
drug was used in 21 cases of asthma with 
benefit occurring in 7 patients. Relief of 
S3Tnptoms in the latter was not striking, 
and usually not as great as that ob- 
tained from older remedies such as epi- 
nephrine, ephedrine or aminophylline. 
The pruritus of atopic and contact der- 
matitis was notably dimim'shed in 5 of 
7 patients. In 2 other cases where the 
type of dermatitis could not be accurately 
classified, but which were felt to be allergic 
in nature, no help was evident. Results 
were negative in 2 instances of allergic 
headache, and in 1 case of pruritus am'. 

Side Action. One or more side effects, 
usually mild in nature, were encountered 
in approximately 25% of the patients 
recemng the drug. These occurred most 
often when doses of 100 mg. were admin- 
istered but rarely affected the continued 
administration of the drug. A reduction 
in dosage to 50 mg. obviated the side action 
in most instances. Drowsiness, which is 
the most common side effect noted with 
other antihistaminics, occurred in 13 pa- 
tients. Vertigo, headache, gastro-intes- 
tinal distress and excessive dryness of 
mucous membranes were next in order of 
frequency. No serious toxic action was 
observed in any patients in this group. 
Few received the drug continuously for 
periods of more than 2 weeks. In 1 pa- 
tient who recei\-cd 400 mg. daily ^ for 
10 weeks, and in 2 others who received 
the same dosage for S weeks, no changes 


in the peripheral blood or urine were 
observed. In view of the liver changes 
occurring in laboratory animals receiving 
large doses over prolonged periods^ it 
would seem advisable to follow closely 
with laboratory studies any patient re- 
ceiving large amounts of the drug for a 
long period of time. 

Discussion. Thenylene compares fav- 
orably with other antihistaminic agents 
already in use in this country and abroad. 
Its activity against histamine is some- 
what less than that of Pyribenzamine or 
Neoantergan when compared on the basis 
of protection afforded the guinea pig 
against multiple lethal doses of histamine.’ 
'VSfiien its effectiveness is measured against 
1 lethal dose of histamine, or by its ability 
to prevent fatal anaphylaxis, it is closely 
comparable to other active drugs of this 
series. While one is tempted to make clini- 
cal comparisons between symptomatic 
drugs in allergy, this must be done with 
due regard to the variability of the allergic 
state in the same individual at different 
times. Thenylene, in the dosage employed 
in this study, exerts a palliative action in 
many allergic conditions of a similar order 
shown by other antihistaminics currently 
available. As more drugs of this group 
are synthesized, it becomes evident that 
patients who fail to obtain a favorable 
action from 1 compound, may react more 
satisfactorily to a related compound. 
The relatively low incidence of side action 
at effective dosage entitles Thenylene to 
a place in the growing list of palliative 
agents in allergy. These drugs, of course, 
do not replace etiologic investigation, the 
elimination of offending allergens, or de- 
sensitization where indicated, but act as 
helpful adjuncts in the control of the 
allergic state. 

Summary. 1 . N - (a - pjTidyi) - N - (a - 
thenyl) - N', N' - dimethylethylenedia- 
mine hydrochloride (Tlienylene) %vas in- 
vestigated with reference to its effective- 
ness in preventing fatal histamine shock 
and anaphylaxis in guinea pigs, and in 
alleriating allergic symptoms in man. 
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2. As many as 15 lethal doses of hista- 
mine were required to kill some animals 
protected with 3 mg. per kg. of Thenylene. 
One mg. per kg. of the drug protected all 
animals against 1 lethal dose of histamine, 
while 0.1 mg. per kg. protected 40% 
against this fatal dose. Marked protec- 
tion against fatal anaphylaxis in guinea 
pigs was observed with as little as 0.1 mg. 
per kg. of Thenylene. 

3. Symptomatic relief for several hours 


following each dose of the drug was evi- 
dent in many cases of urticaria, hay fever 
and perennial allergic rhinitis. Results in 
asthma were not striking. The pruritus of 
allergic dermatoses were alleviated in some 
instances. 

4, Mild side effects, such as drowsiness, 
vertigo and gastro-intestinal upset, oc- 
curred in 25 % of those recei\dng the drug. 
These were rarely severe enough to war- 
rant discontinuation of the drug. 
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Perforation of the interventricular 
septum as a complication of cardiac infarc- 
tion is a sjmdrome occasionally found at 
autopsy and rarely diagnosed before death. 
The purpose of this article is to review 
the literature on this subject and to add 
2 more cases to those prewously reported. 
One of the present cases is the fifteenth 
reported case in which the diagnosis was 
made antemortem. 

In 1934 Sager‘S reviewed the literature 
with regard to perforation of tlie infarcted 
interventricular septum and reported a 
case of his own. At that time, including 
Sager’s case, a total of 18 cases had been 
reported. Until then only 1 case had 
been diagnosed antemortem, Sager’s case 
being the second. In 1943, Weber’^ again 
rewewed the literature of this subject and 
reported a case of his own. Sixteen addi- 
tional cases of this entity were found, of 
which 5 were diagnosed antemortem. 
Since Weber’s reidew, 7 additional cases 
had been reported through July 1946 in 
addition to 13 cases found by Edmondson 
and Hoxie.® Seven of these 20 cases were 
diagnosed antemortem. Thus, a total of 
54 cases of this condition had been report- 
ed through July 1946, of wlu'ch 14 were 
diagnosed antemortem, Weber’s'* patient 
was a 46 year old man, wlio w.as seen 
9 days after the onset of precordial pain 
with a rough systolic murmur over the 
entire precordium, maximal in the fourth 
and fifth left intercostal spaces and a 
palpable thrill in the latter area. He died 
20 davs after the onset of pain. Lobcr 
and Hertzog® reported tiie case of a 6S 


year old white woman who deiTloped pre- 
cordial pain 7 daj^s prior to examination. 
I%en first observed she had a systolic 
thrill and murmur in third and fourth 
interspaces to the left of the sternum. 
She died the day of admission. Master 
and Russell" report a 47 year old man 
who had a typical history for myocardial 
infarction and ECG changes of an ante- 
rior myocardial infarction. On the 3rd 
daj' of his illness, he developed a systolic 
thrill and systolic murmur in the fourth 
left interspace. Right axis deviation de- 
veloped on ECG and Q3 appeared. The 
patient died on the 11th day of his illness. 
At autopsy there was acute infarction at 
the apex of the left ventricle as well as 
2 perforations of the interventricular 
septum. 

Wood and Livezey'’^ report an unusual 
case who survii'ed 4 years and 10 months 
after his acute episode of septal perfora- 
tion. The patient was a 44 year old 
white man seen 1 month and 6 days after 
coronary pain appeared. He had a loud 
rough systolic murmur and systolic thrill 
over the lower sternum. Two weeks later 
he developed right heart failure and 6 
weeks later dependent edema which never 
left him. He was benefited by mercurials 
but very little by digitalis. At necropsy 
the right coronary artery was thrombosed 
and there was a 1..5 cm. perforation in the 
interventricular septum. Edmondson and 
Hoxie,* in a reidcw of 2.5,000 consecutive 
necropsies performed at the I^os .-\ngcles 
County Hospital over a 17 year period, 
found SG5 unhealed infarcts, 72 of which 
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had ruptured, and 13 of which had rup- 
tured interventricular septa. Three of 
these were diagnosed antemortem. The 
time of survival was known in 11 cases; 
the average of 10 was 2.25 days, the other 
surviving several months. In 11 of the 
13 a systolic murmur was observed. 
Benson, Hunter and Manlove,® reviewing 
7000 autopsies, found 40 cases of cardiac 
rupture, 2 of which had perforated septa. 
One of these 2 was a 60 j'^ear old man 
found dead in bed; he had not been pre- 
viously examined. The second was an 
81 year old man who became dyspneic 
8 days prior to admission. On admission 
he had a loud apical systolic murmur 
transmitted to the axilla and back. He 
died on the 2nd hospital day. Wood^® 
reported a case in a 69 year old white 
woman who had a severe attack of pre- 
cordial pain 10 daj'^s before admission. 
There was on admission a blowing sj'stolic 
murmur over the lower sternum, trans- 
mitted to the axilla and up the sternum. 
There was no thrill. EGG showed evi- 
dence of recent posterior infarction. The 
patient expired 5 weeks after admission. 

Foster® reports the case of a 67 year old 
white man who was hospitalized soon 
after the onset of substernal pain with 
radiation down the left arm. Physical 
findings are not given in his report. At 
autopsy, 3 days later, there was found an 
anterior myocardial infarct with septal 
involvement and a septal perforation 
1 cm. in diameter located anteriorly near 
the cardiac apex. 

Bean- in his review of 300 cases of 
cardiac infarction collected from the 
records of the Boston City Hospital found 
1 instance of infarcted septum with fresh 
jjcrforation. Through the courtesy of this 
author we are able to report this case in 
more detail than appeared in his original 
article. 

Case Reports. C.^se 1. A 35 year old 
white American woman was admitted to 
the Boston City Hospital on Jan. 17, 1936. 
Her past history was negative except for 
known diabetes. The historr' was sugges- 


tive of anginal pain first occurring 7 dai^s 
before hospital admission. 

P. E. P. 100; R. 30; B.P. 0/0. Obese 
white woman in coma and shock on admis- 
sion. Heart percussed normal in size. 
Heart sounds were clear. There were no 
murmurs. Kussmaul breaking was noted. 
The lungs were clear to percussion and 
auscultation. 

' Laboratory Data. TirBC 7000. Urine 
showed albumin, sugar, casts. Blood sugar 
480 mg. per 100 cc. NPN 80 mg. per 100 cc. 

Course. Patient was given insulin, fluids 
but no digitalis. She expired during the 
1st hospital day. 

Necropsy Findings. The heart weighed 
320 gm. with body weight of 70 kg. There 
was marked sclerosis of the left coronar 5 " 
artery. The heart valves were normal. 
There was a fresh thrombus in the left 
anterior descending coronarj" arterj'- occlud- 
ing this vessel. The anterior portion of the 
interventricular septum and adjacent por- 
tions of the right and left ventricular walls 
were infarcted. In the anterior portion of 
the septum near the apex was a ragged, 
irregular perforation 1.5 cm. in diameter. 
The lungs showed moderate congestion and 
edema. Liver, kidnej's and spleen were not 
remarkable. There was generalized arterio- 
sclerosis, no ewdence of emboli or other 
thrombi. 

Case 2. L. H., a 76 year old wliite woman, 
was admitted to the medical service of the 
Cincinnati General Hospital on July 10, 
1947. Two weeks prior to admission the 
patient develoi)ed a productive cough with 
.some substernal chest pain on coughing. 
She also complained of pain in the abdomen, 
back, left hip and left leg. For a week prior 
to admission she had been febrile, had had 
chilb' sensations, and had been confined to 
bed. During this week she had been semi- 
conscious most of the tune with occasional 
lucid intervals; also during this period she 
vomited frequently, and her breathing was 
observed to be labored. She became com- 
pletely unresponsive on the dav of admission. 

P. E. T. 101; P. 64; P. 48; B.P. 120/80. 
The patient was a moderately obese, dysp- 
neic, slightly cyanotic white female. She 
was not orthopneic. She was disoriented 
but responded to commands in a confused 
manner. Neck: no veuou' distention. 



536 


FOWLER, FAILEr, 



Fig. 1. — Case 2. ECG (July 10, 1947) showing Qj and elevated STj 
consistent with posterior left ventricular infarction. Reciprocal 
ST depression in leads I and CF,. 

4 



Fig. 2.— Case 2. ECG (July IS, 1947) shoiring Qj and elevated 
STj consistent with posterior left ventricular infarction. 

■ Absent R waves in Vj, V„, V^. 



Fig, 3.— Case 2. ECG (July 23, 1947) showing interference 
dissociation, Qj and inverted Tj. consistent with 
posterior left ventricular infarction. 
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Ocular fundi; tortuous arterioles and A-V 
nicking. Mouth: edentulous. Tongue dry. 
Chest: over the right lower lobe posteriorly 
there were impaired resonance, fine rales 
and suppressed breath sounds. Heart; 
point of maximal impulse in sixth left inter- 
costal space 2 cm. from midclavicular line. 
Eate slow; rhythm regular. No murmurs. 
Abdomen: slight generalized tenderness and 
increased resistance to palpation. No 
masses. Liver thought to be percussed 
4 cm. below right costal margin. Extremi- 
ties: bilateral calf tenderness and 1-b pre- 
tibial edema, but Homan’s sign negative. 
Two small purpuric spots were seen on the 
right leg. Neurologic; all deep reflexes were 
hyperactive. There was a questionable 
Babinski on the right. Pelvic and rectal: 
negative. 


tricular rate 60. QES 0.06 sec., QT 0.32 
sec.; Q3 present. July 12, interference dis- 
sociation. Q2 and Q3 present; ST2, ST3 
elevated; STl, ST4 depressed. July 16, 
same. July 18, 1947. (Fig. 2.) Sinus 
rhythm. PR 0.22 sec. QES 0.08 sec. 
QT 0.36 sec. Q3 present. STl depressed, 
ST3 elevated. Q wave in VI, V2, V3, VE. 
ST in V5 depressed with T inverted. July 
23, 1947. (Fig. 3.) Rate 100. PR 0.20 
QT 0.26. Q3 present. STS elevated. STl, 
4 low, sagging. Nodal premature beat. 

Chest Roentgen Ray. July 10, 1947. 
Heart 14.5 cm. in chest of 22.5 cm. Sug- 
gestive bilateral pulmonarj’- edema. Area 
of increased density in right midlung field 
read as possible infarct. 

Course. The patient was given penicillin 
for the first 10 days of her hospital staj'. 
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Fig. 4.— C.isc 2. Lower tracing taken at full volume. Upper tracing taken at appro-vimatcly 

half volume 


Laboratory Data. Hgb. 15 gm.; RBC 
3,750,000; VTIC 26,700 on admission; 94% 
jiobnnorphonuclears and 6% l 3 'mphocjd:es. 
WBC 18,500 2 daj’s before death. Cath. 
urine; sp. grav. 1025; Alb. 1-f no sugar; 
rare RBC, no V’BC or casts. Stools guaic 
negative, yellow. Kahn, neg. BUN 60 mg. % 
on admission, later 70, 100, and 90 on dat* 
of death. CO- 38 vol. % daj' of death. Blood 
culture negative. Prothrombin times 17 sec., 
later 24.5 and 24. 24.2 2 sec. 

ECG. July 10, 1947. (Fig. 1.) Interfer- 
ence dissociation. Auricular rate 100; ven- 


Her temperature became normal on the 
3rd daj' and remained so except for eleva- 
tions to 100° during the 3 daj’s prior to 
death. On the morning following admission 
the heart rh 3 dhm was found to be irregular 
with pauses occurring ever 3 ' 2 to 8 beats. 
The runs of 2 to 8 beats seemed to be regu- 
lar. On the 7th hospital da 3 ' a harsh Grade 4 
(Le\'ine) s 3 ’stolic murmur was audible over 
the entire precordium. This murmur was 
loudest in the fourth left intercostal space 
just to the left of the sternum. (Fig.4). 
Phonocardiogram tracings taken on July 24 
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with microphone over fourth left intercostal 
space 3 cm. from sternum showed loud 
murmur filling nearly all of systole. A sys- 
tolic thrill was felt in this area and at the 
cardiac apex. Two days prior to death the 
patient, who was pre\'iously only slightly 
improved, seemed worse. She became dysp- 
neic with associated periods of apnea and 
began to run slight fever. On the 15th hos- 
pital day the patient was found to be unre- 
sponsive. B.P, 85/70. Respirations were 
48. There was dullness and bronchial 
breathing over the right upper lobe. Lung 


thrombi; (4) recent perforation of interventric- 
ular septum through a fresh infarct; (5) 
multiple pulmonar}' emboli and puhnonarj'- 
infarction; (6) chronic passive congestion of 
viscera with cardiac cirrhosis; (7) acute 
thrombosis of iliac, perivesical, uterine, right 
ovarian, renal veins; (8) squamous meta- 
plasia of pancreatic duct with small foci of 
fat necrosis; (9) fibrosis of suprarenal cap- 
sule; (10) hemopericardium. 

Gross Description of Heart (Figs. 5 and 6). 
The heart weighed 350 gm. The pericardial 
sac contained 24 cc. of grossly blood}" fluid . 



I 
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Fig. 5.— -Anterior wow of lie.irt showina endocardi.al surface of left ventricle. Probe nuirks 
septal perfor.ntion. (Scale in inclics.) 


bases were clear. Left border of cardiac 
dullness was 11 cm. from the midsternal 
line. The systolic thrill and murmur were 
present as before. There was no cyanosis. 
The patient expired later the .«.amc day. 

Antcynorlcyn Diagnoses. (1) Posterior myo- 
cardial infarction; (2) probable perforation 
of infarcted interventricular .=eptum; (3) 
probable bronchopneumonia or po.«ible pul- 
monary' infarction. 

Necropsy Diagnoses. (1) Coronaiy' athero- 
sclerosis; (2) extensive progre.^sive myo- 
cardial infarction; (3) old and recent mural 


The surface of the left ventricle showed 
petechial hemorrhages and large areas of 
pallor and yellowish discoloration. The cpi- 
cardium was clouded in these areas and the 
underlying myocardium softened. Cardiac 
chambers were dilated with softening of 
the entire myocardium. The entire inter- 
ventricular septum was soft, mushy, and 
yellow-gray as were the adjacent parts^ of 
both ventricles. There was also a section 
of the midportion of the left ventricular 
wall having the .=amc consistency, all of 
these areas representing sites of old and 
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recent infarction. There was a large mural 
thrombus in the left ventricle and smaller 
mural thrombi in the right ventricle and right 
auricle. There was a complete perforation 
of the interventricular septum 1 cm. in 
diameter located 2 cm. below the mitral 
valve on the left side and just beneath the 
septal flap of the tricuspid valve on the 
right side. This perforation was 1.5 cm. 
from the epicardial surface of the left ven- 
tricle. It was ovoid in shape with irregular 
edges. The coronary arteries showed athero- 


only 6.4 days. Six survived over 1 month 
but less than 1 year. One extraordinary 
case survived 4 years and 10 months.*^ 
Electrocardiographic findings were un- 
known in 3S cases; of the remaining 16, 
4 showed posterior infarction; 4 “cardiac 
infarction,” 1 anterior infarction, 1 com- 
plete block, 5 RAD, 1 RBBB, and 2 
a large Q3. The signs were unknown in 
10 cases; there were none in 2 cases. 
Of the 45 in whom physical findings were 



Fig. 6. — Anterior view of heart showing endocardial surface of right ventricle. Probe marks 

septal perforation. (Sc.ale in inches.) 


matons and calcified plaques. The left cor- 
onary was occluded at its bifurcation by an 
atheromatous and calcified plaque. Similar 
luminal stenosis occurred 15 mm. distal to 
this in the left anterior descending branch. 
The right coronart* ostium was narrowed by 
an atheromatous plaque in the aorta, but 
there was no area of occlusion apparent. 

Discussion. In the 56 total cases, in- 
cluding the present, the time of survival 
after septal perforation was known in 3S. 
Of these, 31 survived less than 1 month; 
these 31 had an average survival time of 


known, 43 showed systolic murnmrs, usu- 
ally maximal to the left of the lower 
sternum; 22 of the 45 showed systolic 
thrills; only 3 showed diastolic murmurs, 
and none showed diastolic thrills. 

The 2 cases in which no murmur was 
heard were those of Bean,“ and Bickel and 
Mozer.^ The latter of these was a man 
S7 \-ears old who had been well until 
lo days before hospital admission. At 
this time he developed rather suddenly 
cough, dyspnea, anore.via and weakness. 
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He had no chest pain at any time. On 
admission he had Cheyne-Stokes breath- 
ing, heart sounds of poor quality, but a 
blood pressure of 150/70. He had signs 
of bronchopneumonia. No murmur was 
heard, and there is no mention of any 
pulmonary or cardiac condition which 
might obstruct the transmission of a 
murmur. The patient died on the 5th 
hospital day after an uneventful clinical 
course. At autopsy there were found 
thrombi obstructing both coronary arter- 
ies and a septal infarct with perforation. 
This perforation was in the posterior part 
of the septum and measured 2 x 0.5 cm. 

Bickel and Mozer attributed the ab- 
sence of any murmur in this patient to 
the large size of the septal perforation. 
In their discussion of the case they state 
that they regarded the cardiac tone and 
blood flow as adequate for the production 
of a murmur provided proper local condi- 
tions were present. 

Bean’s case also had a large septal per- 
foration, but here the patient was in coma 
and shock and the blood pressure unob- 
tainable. Among the other cases reviewed 
in the present paper were several with 
septal perforations as large or larger than 
Bean’s, or Bickel and Mozer’s cases, and 
in all of these murmurs alone or murmurs 
and thrills were found. In addition there 
appeared to be no correlation between the 
size or location of the perforation and the 
intensity of the murmur. 

In Sager’s'^ review, 15 of 18 cases gave 
a history tj'pical of coronary occlusion. 
The physical findings, according to him, 
are those usually found in cases of patent 
interventricular septum, llflien both of 
these conditions occur in the same patient, 
the diagnosis of perforation of the infarct- 
ed septum is to be made. The murmur is 
usually loud, according to Sager, usually 
accompanied by a thrill, and transmitted 
to the left axilla but not to the neck ves- 
sels. He c.xplains the infrequency of sep- 
tal perforation as compared to that of rup- 
ture of the ventricular wall by the rich 
arterial supply to the septum. 


According to Weber,’® the diagnosis of 
perforation of the infarcted septum is made 
by the sudden appearance of a loud sys- 
tolic murmur and a palpable thrill in a 
patient who is known to have myocardial 
infarction. He states that the prognosis 
is much worse in this condition than in 
the usual case of myocardial infarction, 
not because the perforation interferes 
with cardiac dynamics, but because the 
perforation is ordinarily seen only in 
cases of massive infarction. He states 
that the left coronary artery is usually 
occluded in these cases, and that in addi- 
tion the right coronary is usually sclerosed 
and incapable of aiding in anastomoses. 
Lober and Hertzog® state that symptoms 
at the time of perforation are unusual, 
but if the patient lives long enough, there 
always develops an intractible right-sided 
heart failure, death from heart failure 
being inevitable. Wood and Livezey’® 
make the same statement. 

The conditions to be differentiated from 
perforated septum are rupture of a papil- 
lary muscle of the left ventricle following 
cardiac infarction, congenital potency^ of 
the interventricular septum, perforation 
of the septum due to subacute bacterial 
endocarditis, and rupture of a mitral 
chorda tendinea. 

With rupture of a papillary muscle 
complicating infarction, the heart, accord- 
ing to Sager,’® usually becomes markedly 
dilated, the murmurs are even louder, 
and diastolic murmurs are more common. 
Too, the signs are evenly distributed over 
the precordium, or maximal at the apex. 
Weber states that here there is a more 
sudden change for the worse, and more 
likelihood of left-sided than right-sided 
heart failure. Until July 104G, only 
16 cases®'®'®’’'’-’®'’'' of ruptured papIilarA’ 
muscle following cardiac infarction are 
recorded with physical examination of 
the heart. Of these, G had an apic.'d 
systolic murmur, 1 had an apical diastolic 
murmur, 3 had an apical .systolic and «Iias- 
tolic murmur; 1 had “mnrnuirs, 1 had 
“noises," 1 had a friction mb in the 
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fourth left interspace and an apical gallop; 
in 2 no murmurs were heard, and in 1 ease 
there was no mention of murmurs. The 
prognosis in this condition is approxi- 
mately that of the former one. Of 23 re- 
ported cases of ruptured papillary muscle 
which can be attributed to coronary oc- 
clusion, only 1 survived longer than 
1 month. In the remaining cases the 
average survival was 4 days. 

Congenital patency of the interventricu- 
lar septum may cause confusion, but 
should be easily differentiated by the 
absence of history or ECG changes of 
myocardial infarction. It would presum- 
ably be impossible properly to diagnose 
a patient having a previously undiagnosed 
congenitally patent septum complicated 
by myocardial infarction. Acquired per- 
foration of the septum due to subacute 
bacterial endocarditis is to be differentiat- 
ed by the positive blood cultures and the 
presence of embolic phenomena. Perfora- 
tion of the infarcted septum must also be 
differentiated from ruptured chordae ten- 
dineae, according to Bailej'' and Hickam.^ 
The latter condition is to be suspeeted in 
a middle-aged or elderly individual who 
suddenly, without dramatic incident, de- 
velops a loud systolic murmur, usually 
with a thrill, maximal at the cardiac apex 
and along the left sternal border. Con- 
gestive heart failure does not usually ap- 


pear in these cases for months or years. 
The absence of clinical or laboratory evi- 
dence of cardiac infarction serves to dif- 
ferentiate ruptured chordaj from acquired 
patency of the infarcted interventricular 
septum. 

Summary, Two cases of perforation of 
the infarcted interventricular septum are 
reported in 1 of whom the diagnosis was 
made antemortem, 

A total of 56 such cases have been found 
in the literature; 15 of these were diag- 
nosed antemortem. In 38 whose survival 
time was known, 31 survived less than 
1 month, 37 less than 1 year, and 1 sur- 
vived 4 years and 10 months. Forty- 
three eases of 45 examined showed sys- 
tolic murmurs, usually maximal to the 
left of the lower sternum; 22 showed sys- 
tolic thrills; only 3 showed diastolic 
murmurs. 

The diagnosis should be suspected in 
any patient known to have a myocardial 
infarction who suddenly develops a sys- 
tolic murmur and thrill to the left of the 
lower sternum. The only condition likely 
to be confused is rupture of a papillary 
muscle following cardiac infarction, where 
the condition of the patient suddenly be- 
comes worse, the murmurs are louder and 
nearer the apex, and the ensuing failure 
is left-sided rather than right-sided. 


Authors’ Note: Since the submission of this article for publication 2 additional casoa of rupture of 
the interventricular septum as a complication of myocardial infarction have been reported. One case 
was reported by D. Cahholl and S. D. Cummins: Am. Heart J., 34, S93, 194", The other by R. 
S. Diaz-Rivera and A. J. Miller: ^tm. Heart J., 35, 12G, 194S. The first case showed a loud apical 
systolic murmur, hoard also over prccordium and the left upper quadrant. The serond showed an 
apical systolic murmur heard also in the third left intercostal space. No diastolic murmur or systolic 
thrill was described in cither case, 
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Earlit in 1946 attention was called by 
Vogelsang and Shute^^ to the marked 
improvement resulting from the adminis- 
tration of vitamin E to patients with 
various forms of heart disease. Consider- 
able publicity was given to the phenomenal 
therapeutic results claimed in congestive 
heart disease and angina pectoris by those 
authors. Evan Shute'“ was quoted as 
sajdng: “We have not learned of a single 
failure. The percentage of success is 
remarkable.” Patients began to request 
the treatment from physicians, and less 
scrupulous drug houses quoted entire 
paragraphs from the articles recommend- 
ing vitamin E, in their attempts to sell 
preparations of alpha-tocopherol. Edi- 
torial comment in the Journal of the 
American Medical Association,- however, 
decried this publicity given to unconfirmed 
work, stating “nothing in the known 
pharmacological actions of vitamin E 
would lead one to expect either a vaso- 
dilating action, a myotonic effect or an 
ability to repair damaged heart muscle in 
human beings.” 

Because of the widely divergent views 
quoted above, we decided to investigate 
the influence of %dtamin E on various 
cardiac conditions. Preliminary studies 
were begun in August, 194G, and we are 
reporting here our observations on the 
first 25 patients studied. 

Plan of Study. Case.s for this study were 
.^elected from the Cardiac Clinic of the Jewi.sh 
Hospital and tiie private practice of one of 
u.s (S. B.). After a complete histon,', physical 
examination, blood count, blood Wasser- 
inann, urinalysi.^:, electrocardiogram and 


orthodiagram, a brief period of clinical 
observation w’as carried out. The patients 
w’ere then given orally 400 mg. of wtamin E* 
daily in dmded doses. Within 2 to 4 weeks 
this dose w'as reduced to 300 mg. daily. 
The patients w'ere then followed for 3 to G 
months, w'henever possible. Electrocardio- 
graphs w’ere repeated at 2- to 4-week inter- 
vals. Those patients previously receiving 
such preparations as digitalis, mercurials, 
phenobarbital, and the like, were continued 
on their medication so that we could more 
accurately evaluate the effect of the vita- 
min E. In some cases after the vitamin E 
was given, either digitalis or mercurials were 
then discontinued, to determine if recurrence 
of the cardiac failure would be prevented. 
In some of those patients exhibiting apparent 
symptomatic response to vitamin E therap}', 
similarly appearing tablets of calcium gluco- 
nate were substituted as a placebo. 

Results. Of the 25 patients treated 
with vitamin E, 22 were considered to 
have been adequately followed, and form 
the basis of this report. Of these, 1 1 had 
congestive heart failure and 5 angina 
pectoris. The remaining 0 had hyperten- 
sion and/or arteriosclerotic heart disease, 
without failure or angina. The essential 
features of these 3 groups of cases are 
shown in Tables I, 2 and 3 respectively. 
A summary of the therapeutic results 
obtained is presented in Table 4. 

Congestive Faieure (Table 1). Of 
the 11 patients with congestive heart 
failure, 3 are listed as questionably im- 
proved. In Case No. 2, tiiere was dimi- 
nution in the frequency of attacks of par- 
oxysmal nocturnal dyspnea. However the 
patient had discontinued working in a 


• Vitiimin E in the form of lOO-mc. t.ab!eUi of Ephyiml Acetate kindly provided for ll.if .‘.tudy 
y Hoflman-La Roche Company. 
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factory at about the time of her sympto- 
matic improvement, so that it was difficult 
to determine whether the medication or 
the decreased activity was responsible. 
Case No. 7 displayed a decrease in dj'^sp- 
nea, but this effect was also produced 
by the administration of a placebo. Case 
No. 10 claimed marked lessening of his 
dyspnea and precordial discomfort within 
a week after beginning vitamin E. How- 
ever, when digitalis was stopped while 
vitamin E was continued, signs of car- 
diac failure appeared (increased dysp- 
nea, tachycardia, pulmonary congestion). 
Compensation was restored with digitalis, 
and when a placebo was administered, the 
patient again claimed marked improve- 
ment. 


failure, developed such an episode after he 
had been taking vitamin E for 6 weeks. 
Hospitalization and complete bed rest 
became necessary. 

In none of the 11 patients Avith con- 
gestive heart failure was a definite thera- 
peutic effect of the vitamin E noted. 

Angina Pectoris (Table 2). Of the 5 
patients with angina pectoris, 2 ard listed 
as questionably improved. In Case No. 
14 there was possibly a slight decrease in 
the frequency of anginal seizures. Patient 
No. 17 claimed slight improvement in 
exercise tolerance. This occurred, how- 
ever, coincidentally with the arrival of 
milder weather. There was no increase in 
symptoms ivhen the vitamin E Avas discon- 
tinued. Taa'o patients (Nos. 9 and 14) 


Table 4. — Results of Treatment of 22 Patients AVith Heart Disease With A'^itamin E 


Markedly improved 

Cardiac 
. . 0 

Angina 

0 

Hj-pertension 

and/or 

arteriosclerotic 
heart disease 

0 

Totals 

0 

Definitely improved 

. . 0 

0 

0 

0 

Questionably improved 

. . 3 

2 

1 

6 

UnimproA’’ed 

. . 5 

2 

6 

12 

Worse 

. . 3 

1 

0 

4 


11 

5 

6 

22 


Tlie remaining 8 cases AA^ere either unim- 
proA^ed or became distinctly AA'orse during 
therapy AA'ith vitamin E. In 3 cases 
(Nos. IS, 20, 21), mercurial diuretics, 
AA’hich previously had been administered 
regularly, AA'ere discontinued during our 
treatment AAUth A'itamin E, in order better 
to cALaluate the effectiA'eness of the 
tlierapy. In all these instances the cardiac 
failure progressed and the mercurials again 
had to be giA-en. Three of these S patients 
became distinctly AA’orse while taking A-ita- 
min IS. Patient No. 1 dcA'eloped increasing 
dyspnea and did not obtain relief until 
digitalis therapy Avas instituted. In Case 
No. 3, edema and dyspnea increased after 
the patient had been on continuous A-ita- 
mon E therapy for G months; mercurial 
diuretics AA-cre then cifectiA’cly employed. 
Patient No. 15, avIio had prcA'iously suf- 
fered scA-eral bouts of severe congestiA-e 


shoAA'ed no improA'ement and 1 (No. 19) 
became distinctly AA^orse. He dcATloped an 
acute myocardial infarction 3 AA’eeks after 
the Autamin E AA-as begun. 

In none of these 5 patients Avith angina 
pectoris AA’as there unequiA'oeal CA'idence of 
improA'ement during treatment AA'ith A'ita- 
min E. 

Ha'pertension and/or Arterioscler- 
otic Heart Disease (Table 3). Of the 
G patients in this group, none exliibited a 
definite therapeutic response to vitamin E. 
In 1 (No. 12) there Avas a decrease in the 
incidence and scA'crity of the headaches, 
but this effect AA-as duplicated by a placebo. 

Effect on Blood Pressure, Electro- 
CARDiOGRA.Ai .A.ND Orthodiagram. There 
AA'as no definite alteration in the blood 
pressure of any of the patients. Serial 
electrocardiograms revealed no significant 
changes in any case. Case No. 13 illus- 
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trates the transitory nature of certain 
changes unrelated to therapy. A left 
bundle branch block present just prior to 
the beginning of this study, disappeared 
for several months during the administra- 
tion of vitamin E. It reappeared, however, 
and again disappeared while the drug was 
still being taken. There were no changes 
in the brthodiagrams, except for the slight 
increase in heart size of several patients 
while their failure was becoming more 
severe. 

Discussion, A study such as this is 
open to a number of criticisms. The series 
of cases presented is small. Furthermore, 
in evaluating the effect of a drug in con- 
gestive heart failure or angina pectoris, it 
would have been preferable to present data 
obtained more objectively, such as circula- 
tion times, exercise tolerance tests, venous 
pressure, and vital capacity. We had 
indeed intended expanding our studies to 
include these observations, but the dis- 
couraging results presented in this pre- 
liminary report deterred us from carrying 
these investigations further. 

A consideration of the literature reveals 
little basis for recommending the use of 
vitamin E in human heart disease. The 
early experimental observations included 
the effects of vitamin E deficient diets on a 
cow,® rabbits,® chicks' and rats,’ and on 
isolated heart muscle strips.'* These 
results have not been uniform. For ex- 
ample, one observer'' reported cardiac 
disturbances in rats fed \'itamin E deficient 
diets. Another,® however, found no strik- 
ing change in the cardiograms of rats fed 
vitamin E deficient diets for 1 year. 

Even if we accept the debatable conclu- 
sion that vitamin E deficient diets in 
animals produce cardiac abnormalities, it 
docs not appear logical to assume that 
xatamin E would therefore be of value in 
the treatment of such varied cardiac dis- 
turbances in human beings as rheumatic 
heart disease, angina pectoris and con- 
ge.stivc failure. .4.1 no time has there been 
any demonstrable proof that patients with 
cardiac failure or angina pectoris are defi- 


cient in vitamin E. It would appear just 
as illogical to recommend thiamin chloride 
or calcium salts or thyroid for all patients 
ndth heart disease, because prolonged 
deprivation of these agents may he asso- 
ciated 'srith clinical or electrocardiographic 
changes. 

The only publications to date attesting 
to the beneficial effects of vitamin E in 
humans have been those of Vogelsang, 
Shute and Shute.®’®'*®'*®’''* Certainly if one 
reviews their articles critically, one hesi- 
tates to recommend vitamin E with the 
degree of enthusiasm they have mani- 
fested. As a’ matter of fact, some of the 
data they present hardly warrant the con- 
clusions reached. In one of their papers,'® 
for example, they present summaries of 10 
cases treated with vitamin E. In Case 
No. 2, they state: "she insisted on stop- 
ping the dose of ephynal on March 29, and 
reverted to her digitalis instead. Her relief 
was immediate.” In Case No. 3, the 
regression of electrocardiographic changes 
in a patient with acute rheumatic fever are 
attributed to vitamin E therapy, rather 
than the natural course of the disease. In 
Case No. 6, the description of the cardio- 
grams suggests acute myocardial infarc- 
tion. Decrease of the chest pain need not 
have been due to ^•itamin E. Many 
patients with acute myocardial infarction 
have less pain on the 2nd day than the 
first. In Case No. S, the improvement was 
attributed to vitamin E after a month of 
vitamin E therapy, even though digitalis 
was begun 2 weeks before improvement 
was noted. 

In their most recent paper \mgelsang, 
Shute and Shute’* present a summary of 
their findings in 120 unsclcctcfi cases of 
licart disease, and discuss some of the 
underlying pathologic physiology. They 
stated that improvement following ther- 
apy with Wtamin E occurred hc-caiise 
ritamin E (n) affects the blood-vessels, (fi) 
affects the myocardium, (c) may influence 
the pacemaker of the heart, and (d) maj 
influence the thrombotic fe.'iturcs of coro- 
nary artery fiiscase by improving tlic col- 
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lateral circulation in the ischemic area. 
We are not familiar with any proof of these 
mechanisms in the experimental animal or 
in man. They concluded that the great 
majority of cases with angina, rheumatic 
heart disease, congestive failure and hyper- 
tension are helped considerably by the 
administration of Autamin E. 

Our results are so at variance with those 
published that we hesitate to recommend 
the use of vitamin E in cardiac disease. 
Certainly much more scientific Avork must 
be done in this field before suggestions are 
made that so appreciably alter our present 
forms of cardiac therapy. 

Conclusions. 1. Vitamin E in .300 to 


400 mg. doses daily was used in the treat- 
ment of 11 patients Avith congestiA-^e heart 
failure, 5 patients AAuth angina pectoris and 
6 patients Avith hypertension and/or arter- 
iosclerotic heart disease. 

2. In no case AA^as there any demon- 
strable effect on the electrocardiogram, 
orthodiagram or blood pressure. 

3. None of the 22 patients aa-us markedly 
or moderately improA^ed. Six patients 
Avere questionably improA'ed and the re- 
mainder showed no change or became 
distinctly AAmrse. 

4. Our results AA^ere not encouraging 
enough to recommend the use of A'itamin 
E in the treatment of angina pectoris, 
congestiA'e failure or hypertension. 
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HOCHESTEK, MINNESOTA. 

(From the Mayo Foundation and the Mayo Clinic) 


After the extensive use of potassium 
thiocyanate in the treatment of hyperten- 
sion, occasional instances of osteoporosis 
and arthralgia were noted at this clinic. 
Since no previous description of this 
phenomenon could be found, a further 
investigation was undertaken. 

The records of 5000 consecutive patients 
with hypertension who had been seen on 
two or more occasions at the Mayo Clinic 
in the period 1939 to 1944, inclusive, were 
reviewed. Potassium thiocyanate had 
been given to 360 patients of this group. 
Unexplained osteoporosis occurred in 7. 
Since 1944 there have been 4 additional 
patients with this syndrome. No history 
of trauma or injury at onset could be 
elicited from these patients. One or more 
extremities, usually the lower, were in- 
volved. Patients with involvement of the 
spine or pelvis were not included, as senile 
osteoporosis could not be excluded. Sim- 
ilarly omitted were those who had a diag- 
nosis of chronic infectious arthritis, peri- 
arthritis, rheumatoid arthritis or fibrositis. 
Unexplained osteoporosis was not observed 
in the group of more than 5000 patients 
\rith hypertension who were not rccciWng 
potassium thiocyanate. 

Clinical Data. .A summary of perti- 
nent clinical data is given in Table 1. 
The incidence of osteoporosis in the group 


of patients who were receiving potassium 
thiocyanate therapy was approximately 
2 %. There were 6 women and 5 men. The 
age ranged from 46 to 68 years (average 
56.5). The dosage of the drug varied 
considerably during the course of treat- 
ment, but was usually in the range of 
6 to 9 grains (0.4 to 0.6 gm.) daily. Onset 
of svmptoms associated with the osteo- 
porosis generally occurred in 3 to 6 months 
after administration of the drug was 
started. They consisted of (1) pain on use 
of the extremity which began insidiously 
and gradually increased in severity, and 
(2) subsequent mild swelling of the joint 
or joints involved, but with no acute 
inflammatory reaction. The severe cases 
simulated those of extensive posttrau- 
matic osteoporosis. Roentgenograms, 
which were limited to the involved regions, 
revealed mild to marked diffuse osteo- 
porosis. , 

Active therapeutic measures dircctco 
toward the osteoporosis were carried out 
in 7 cases while thiocyanate tberapj Xias 
being continued. These consisted of 
physiotherapy, active and passive move- 
ment, shoe corrections, walkdng-casts, 
elastic bandages, and preparations of cal- 
cium and phosphate for oral use. Symp- 
toms continued to progress despite these 
measures in 0 cases. Slight improvement 


* .\!)riiicin''nt of sabmiUed by Dr. Hinchey to the fnciiUy of tho Graf . - . ~J > CoiVnCf' 
'nivcrpiiy of Minnc'Otn in pnrtial fulfillment of the requirements for the ilu^ee o . .i 
i Orthoj«<hc Sartrer>'. 
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over a period of several months was noted 
in the 7th case under such measures, and 
the rate of improvement was accelerated 
when the drug was stopped. 

Cessation of potassium thiocyanate 
therapy was followed by relief in every 
one of the 11 cases whether or not specific 
measures of treatment were used. Im- 
provement was generally evident in 2 to 3 
months; recovery was complete in 5 to 7 
months. Administration of the drug was 
resumed in 4 instances. In 2 cases there 
was no recurrence of symptoms or of 
osteoporosis. Symptoms recurred in the 
other 2 but were again relieved when 
thiocyanate therapy was once more dis- 
continued. 

Laboratory Data. The laboratory find- 
ings are listed in Table 2, The blood thio- 
cyanate levels shown were those present 
at the time of admission with the osteo- 
porosis. The thiocyanate levels in gen- 
eral varied considerably in different pa- 
tients and in the same patient from time 
to time. 


serum calcium level, determined in 5 in- 
stances, was within normal limits in 3 and 
slightly below normal in 2. In one of 
these, Case 9, a urinary Sulkowitch test 
gave a Grade 4 reaction (graded on the 
basis of 1 to 4, in which 1 represents the 
least, and 4 the greatest concentration of 
calcium). 

Report of Cases. The numbers of the 
following 3 cases, which are reported in 
detail, correspond to the case numbers in 
Tables 1 and 2. 

Case 2. A white man, 46 years of age, 
registered at the clinic in January, 1939, 
for consultation regarding hypertension. His 
blood pressure was 228 mm. of mercurj' 
grstolic and 174 diastolic. Potassium thio- 
cyanate therapy was instituted; the dosage 
was 6 gr. (0.4 gm.) a day, 5 days a week. 

He returned July 18, 1939, complaining of 
localized pain in the right hip. Its onset in 
May had been quite sudden, and the pain 
had been continuous and progressive since 
then. Only the use of crutches had provided 
some relief. 

The patient appeared in moderate distress 
and walked with a noticeable limp. Atrophy 


Table 2.— Osteoporosis Occurring During Potassium Thiocyanate Therapy for HiTERTE.vsrvE 

Disease: Blood Chemical Findings 

Mg. per JOO cc. Alkaline 








phosphatase 

Bodansky 




Scrum 

Serum 

Uric 

Case 

Cyanates 

Urea 

calcium 

phosphate 

acid 

units 

1 . 

... 4,7 

34 





2 

... 9.3 

24 

10.0 

2.9 

3,5 

3.7 

3 ! 

... 3.8 

22 





4 . 

... 8.9 

28 

9,8 

. . 

4.4 


5 . 

... 7.0 

24 





0 . 

. . . 11.9 

28 





7 . 

... 8.5 

28 



3,3 


S . 

. . . 11.0 

30 

S.7 

2.2 


2.8 

9 . 

... 98 

30 

8.7 

3.1 



10 . 

* 

30 




3.1 

11 

] . . 4.41^ 

38 

9.4 

2.8 

1 8 


* Drue had recently been discontinued: no level nseertnined. 
t I.evel 2 week-s after drug had been discontinued. 


The value for blood urea was within 
normal limits in all cases. The blood uric 
acid level was normal in 4 cases. The 
sedimentation rate was elevated in 2 of the 
1 1 cases, but remained so after complete 
recovery in both. The serum phosphate 
level was determined in 4 patients and the 
blood alkaline phosphatase in 3. All were 
within the u.siial range of normal. The 


of the right buttock and quadriceps was 
noted. His blood pre.ssure was 170 mm. of 
mercury, sj’stolic, and 10.5, diastolic. Roent- 
genograms of the pelvis and right femur 
revealed marked osteoporosis of tiie right 
acetabulum and upper part of the femur. 
The blood chemical findings are given in 
Table 2. 

Potassium thiocyanate therapy was dis- 
continued; treatment consisted of the ora! 
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administration of calcium and viosterol and 
the patient continued to use crutches. In 
October, 1939, he was much improved. A 
roentgenogram at that time revealed some 
residual osteoporosis. 

Recovery was complete in May, 1940, and 
roentgenograms revealed no osteoporosis. 
Potassium thiocyanate therapy was resumed 
in November, 1940, and continued until the 
patient died more than 5 years later. There 
was no return of symptoms. 

Case 3. A white man, 47 years of age, 
was admitted to the clinic in October, 1942, 
complaining of severe headaches. His blood 
pressure was 219 mm. of mercury, systolic, 
and 130, diastolic. Nine grains (0.6 gm.) 
daily of potassium thiocyanate was pre- 
scribed, beginning October 20, 1942. 

In July, 1943, he was readmitted. His 
headaches had improved. However, he 
complained of pain and swelling in the right 
knee which had begun early in 1943 (Fig. 1) 
and which had been followed in a month ‘by 
similar symptoms in the right ankle. Heat, 
massage and sun-lamp therapy had failed to 


provide any relief. He had discontinued 
use of the thiocyanates in April and had had 
the ankle strapped in May; shortly there- 
after he noted improvement. He had then 
resumed thiocyanate therapy and his sjonp- 
toms returned. At that time the sj'-mptoms 
were located in the right knee and hip. 

General physical examination gave essen- 
tially negative results except for the hj'per- 
tension and a limp favoring the right leg. 
His blood pressure was 210 mm. of mercury, 
systolic, and 130, diastolic. Roentgenograms 
of the right hip and knee revealed moderate 
diffuse osteoporosis (Fig. 2). The blood 
cyanate level was 3.8 mg, per 100 cc.; the 
blood urea was 22 mg. per 100 cc. 

Baking, massage and exercises for hip, 
knee and ankle were prescribed. The dosage 
of potassium thiocyanate was increased to 
12 to 15 gr. (0.78 to 1 gm.) daily. The 
patient wrote in September, 1943, that he 
was worse and that both ankles were now 
involved. Potassium thiocyanate therapy 
was once more discontinued. A letter from 
the patient in December, 1943, stated that he 



I'u'.. 1.— S.) .\pppaninw: of riiiht knee on March S. 1943, o month* after potaisium thiocyanate 

tlicrapy had been btarted. 


552 


HINCHET, HINES, GHORMLEY; 


was much better and was steadily improving. 

Case 9. A white woman, 6S j^ears old, 
was seen at the clinic in Januarj', 1945, 
because of severe headaches. Her blood 
pressure was 190 mm. of mercury, systolic, 
and 100, diastolic. Potassium thiocyanate 
therapy was begun at that time. The dosage 
varied, but averaged 6 to 9 gr. daily. 


The roentgenograms revealed diffuse osteo- 
porosis of both feet and ankles (Fig. 3a). 
The blood chemical findings are given in 
Table 2, The reaction to the urinary Sul- 
kowitch test on a 24 hour specimen was 
graded 4. 

The patient was instructed to discontinue 
all therapy, incl uding the use of thioc 3 'anates 



I’lci. 2.— (C.nso 3.) .•Vppc.'irance of right knee July 20, 191.3. Increa.^etJ osteoporosis despite intensive 
loral tliorapy is npp.nrent wliilo flic patient was still on potassium thiocyanate. 


Tiic patient returned in October, 194.5, 
slating that licr headaches were relieved but 
tiiat her feet and ankles were painful, 
swollen and .stilT. Pain had begun in June, 
1945, followed shortly bj- the stifTncs.s and 
swelling. Her sj'inptoms had since Itccomc 
progros.siveh' wor.«e de.spife phy.«iotherap\' 
and the use of confra.«t baths, .shoe correc- 
tions and elastic bandnge.s. 

General physical examination gave e.=.=cn- 
tiali.v negative results except as regards the 
li\'[>crtension and the condition in lower 
extremities. The blood jire.-siire was 1S4 
mm. of merenrt', systolic, and 100, di.aslolic. 
.‘flight tiifTuse swelling, stiffness and tender- 
ness of Ijoth feet and ankles tvere noted. 


as well as measures directed at the osteo- 
porosis. She stated, on her return in April, 
194G, that her .sjunpiorns liad .steadily 
improved and that she was bothered only 
occasionally. Disappearance of the osteo- 
porosis was evident on roentgenologic e.wun- 
ination (Fig. 3b). 

Comment. No cau.se for thi.s .s.vndrnme 
other tiian thiocyanate therapy could he 
foumh Trauma at the on.sct was in- 
sistently dcnicri. One patient sprained the 
involved ankle .shortly after the initial 
appearance of sj'mptorns and thi.s .sprain 
niarkcdi_v aggravated her discomfort. Nn 
other therapeutic procedure wa.s instituted 
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for any significant period of time during 
the development of the osteoporosis in any 
case. Concurrent, but probably unrelated, 
conditions occurred in 2 patients. One 
consisted of a diarrhea beginning 2 months 
after the onset of symptoms. The other 
was a burn of the thumb with secondary 
infection. Sulfathiazole treatment was 
administered to the latter patient in the 
interval just preceding the appearance of 
symptoms; however, the osteoporosis in 
this case involved the ankles. No evidence 


of renal insufficiency was noted in any of 
these patients. The possibility of a local 
vascular accident with overcompensating 
collateral circulation and hyperemia was 
suggested as a cause for the osteoporosis. 
The absence of this syndrome in more 
than 5000 consecutive patients with hyper- 
tension who did not receive potassium 
thiocyanate makes it extremel}'^ unlikely 
that a complication of the hypertensive 
disease was the underljdng cause of the 
osteoporosis. 





o 


Fia. 3.~(Casc 9.) a. Osteoporosis of riKht foot and anlde occurred while the patient 

recoivinR potassunn tliioi-yanatc: the condition continued despite intensive local me-asures directed at 
the osteoporosis itself, b, Improvement after discontinuance of potassium thioevanate therapv and of 
that for osteoporosis. ' ' 
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Tile folloivTlng evidence suggests that the 
osteoporosis was a result of thiocj'anate 
therapy: (1) there was a sufficient time 
interval between institution of the drug 
and onset of symptoms; (2) improvement 
was noted in a reasonable period of time 
after discontinuance of the drug, whether 
or not therapy was directed at the osteo- 
porosis; (3) in 6 of the 7 cases the usual 
specific therapeutic measures failed to halt 
progression of the osteoporosis so long as 
potassium thiocyanate therapy was con- 
tinued; (4) increase in dosage of the drug 
in one instance resulted in an aggravation 
of symptoms within a few weeks; and (5) 
resumption of use of the drug after re- 
covery produced recurrence of sjnnptoms 
in 2 of 4 cases, with relief after the drug 
was again discontinued. 

A mode of action of the potassium 
thiocyanate must still be postulated. No 
marked lowering of blood pressure was 
noted consistently. The osteoporosis oc- 
curred far too infrequently to be the result 
of a direct action of the drug on bone 
itself. 

Potassium thiocyanate therapy has been 
used in more than 100 cases of severe 
migraine vdthout the production of anj' 
syndrome such as that of osteoporosis. 
Evidence at hand at present seems to 
favor a slight but prolonged interference 
with calcium metabolism as the mechan- 
ism of the production of the osteoporosis. 
The actual dosage of the drug is small, 
although it is in e.xcess of those of alum- 
inum and iron which have been recom- 
mended in different types of bone malacia. 
In the presence of adequate calcium intake 
and normal metabolism, such a slight in- 
terference with calcium metabolism would 
scarcely be sufficient to produce osteoporo- 
.sis, and it has not occurred in the migrain- 
ous patients who represent a %’oungcr age 
group. However, should there be a ten- 
fiency to a negative calcium balance, 
which is so often found in individuals of 
the age group with which this report deals, 
then any arlditional deficiency in calcium 
nictabolism could produce sucli a picture. 
The finding of subnormal values for scrum 
calcium in 2 cases and of a Grade 4 reac- 


tion to the SuJkowitch test in 1 case was 
further suggestive evidence of thi.*; n echan- 
ism. Thus all known factors, including the 
time element both for production of and 
recovery from this syndrome, the infre- 
quency of occurrence of the syndrome, the 
dosage of the drug, and the group of indi- 
viduals dealt with, were consistent vdth a 
minor additional interference with calcium 
metabolism. Purther investigation along 
these lines is being carried out at present. 

Regardless of the mechanism of produc- 
tion of osteoporosis, one should be cog- 
nizant of the occasional occurrence of this 
condition and should insure adequate cal- 
cium intake in individuals who are taking 
potassium thiocyanate. The use of this 
drug in the presence of a fracture may be 
inad^dsable, not as regards union of the 
fracture, which is a local affair, but because 
any interference with calcium metabolism 
in the presence of an increased calcium 
requirement might precipitate osteoporo- 
sis. Potassium thiocyanate therapy may 
similarly be contraindicated in the pres- 
ence of bone malacia, such as senile osteo- 
porosis or osteitis deformans, as use of the 
drug could cause further increase of dccal- 
cification and aggravation of symptoms. 

Summary and Conclusions. Osteoporo- 
sis with arthralgia was noted in 2% of 
patients receiving potassium thiocyanate 
therapy for hypertension. No similar syn- 
drome was found in more than oOOO con- 
secutive cases of hj’pertension in which this 
drug was not used. Evidence at hand 
seems to suggest slight and prolonged 
interference with calcium metabolism as a 
possible mechanism for production of the 
sj.'ndromc. It appears that adequate cal- 
cium intake should be assured for persons 
who arc taking potassium thiocyanate. 
Use of this drug may be contraindicated in 
the presence of bone malacia, such as 
senile osteoporosis or ostciti.s deformans; 
likewise its use may be inadvisable in the 
presence of fracture, not as regards union 
of the fracture but bccau.se any interfer- 
ence with calcium rnetaliolism in the pres- 
ence of increa.^ed calcium requirement 
might precipitate osteoporosis. 



BLOOD VOLUME CHANGES AND AVAILABLE (TmOCYANATE) FLUID SPACE 
IN SOLDIERS WITH CHRONIC WOUND INFECTIONS AND ASSOCIATED 

NUTRITIONAL DEPLETION 

By William S. M. Ling, M.D.* 

AND 

Helmuth Sprinz, M.D.f 

(From the Halloran General Hospital, A.U.S.) 


During World Wars I and II, studies 
correlating blood Yolume changes with the 
clinical signs of shock have been carried 
out. Few data are available concerning the 
changes in blood volume which occur in 
inditdduals with chronic wound infections 
and extensive losses in body weight, con- 
ditions often present weeks or months 
after severe trauma. Recent observations 
by Lyons^® have led him to conclude that 
such patients show: (a) an increased inter- 
stitial (thiocyanate) fluid volume as com- 
pared with standards for their weight 
before injury, (6) a reduction of 1.5 to 
2 liters in blood volume, (c) a deficit in 
the total amount of circulating hemo- 
globin. Gregersen^ has observed similar 
cases in which the blood volume, evaluated 
in terms of normal body weight, was 
reduced 30 to 40 %. 

Our experience with traumatically in- 
jured soldiers who had chronic wound 
infections and considerable weight loss has 
indicated that such patients are particu- 
larly susceptible to shock after surgical 
procedures. Although many of these indi- 
^^duals have weight losses ranging between 
15 and 30 kilos, their concentrations of 
plasma proteins and red cells differ very 
little from those shown by normal man. 
It is apparent that the latter values are 
not good indices of changes in the blood 
volume. In 1945 the present investigation 
was undertaken to measure the blood vol- 
ume and to determine the state of dehydra- 
tion in battle casualties with chronic 


wound infections. It was hoped that such 
a study might result in a better guide 
for therapeutic management than that 
afforded by routine laboratory methods. 

Method and Procedure. A group of 27 
wounded male soldiers var 3 ^ing between 19 
and 40 (average 22.2) years of age was 
studied. All had undergone a period of 
strenuous military training and were re- 
garded as normal prior to injurj'. Several 
were paratroopers, the rest being infantry- 
men. The results obtained upon these 
patients are compared with those obtained 
from a group of 34 German prisoners of war 
whose ages ranged between 16 and 43 
(average 26.5) years of age. These volunteers 
who were selected at random had been fed 
adequate American rations for over a ye&r 
and were engaged in manual labor. 

In all instances the determinations were 
made before breakfast with the subjects in a 
basal, post-absorptive state. Most of the 
patients were confined to their beds. In any 
event, the measurements were made under 
basal, post-absorptive conditions. None of 
the patients showed any e\adence of cardiac 
failure or of peripheral vascular collapse. All 
were conscious, mentall}’- coherent, and able 
to respond satisfactoril}" to questions. In the 
case of recent arrivals in the hospital, intra- 
venous therapeutic procedures were post- 
poned until some of our tests were completed. 
The entire group of normal subjects, and 15 
of the 27 patients (Cases Al to A15, Tables 
2 and 3) were accuratelj’ weighed on a cal- 
ibrated platform scale. The other 12 patients 
(Cases Bl6 to B27) were included although 
their clinical conditions or partial immobil- 
ization in fixed plaster casts prevented 


* M.njor. M.C.. xV.U.S., now Senior Resident in Medicine at tlie Penns%-lvania Hospital, Philadel- 
phia, Pa. 

t Major, M.C., .A.U.S., Now at Lettcrman Gencr.al Hospital, A.G.S. 

With the technic.al assistance of Roxie Berli.v and Be.vnett Krakauep.1 
t Tech. Sorge.ant, M.C., A.U.S. 
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accurate body weight determinations. In 
these the weight loss was estimated, and 
only those in which the loss was judged to 
be 15 kilos or more were studied. 

The plasma volume was measured with the 
blue dj'e, T-1824, usmg the simplified method 
described by Gregersen*^ in which the d 3 'e 
concentration is estimated with the Nicker- 
son Decade Photometer. In most of the 
patients, the arms and forearms were re- 
peatedly soaked with warm, wet towels, and 
both hands were immersed in warm water 
for 10 minutes prior to venipuncture. The 
skin at the site of venipuncture was first 
infiltrated vdth 1% novocaine containing 
no epinephrine. In individual instances in 
which both antecubital veins were not a%'ail- 
able, one of the external jugular veins was 
used. 

In patients in whom both plasma volume 
and a%'ailable (thiocj’anate) fluid volume 
determinations were made, the procedure 
was carried out as follows;” after anesthetiz- 
ing the skin, one antecubital vein was 
punctured with a 19-gauge needle and a 
dye-free blood sample was collected without 
stasis. Six cc. of blood were now collected 
in each of 2 tubes, one containing a small 
amount of mineral oil, the other coated with 
a thin film of drj' heparin.* Through the 
same needle, 15 cc. of a 5% solution of 
sterile sodium thiocj'anatef in an accuratelj' 
calibrated sjuinge, were injected. The 
sjTinge was washed 3 times by drawing and 
reinjecting blood. Through the same needle 
5 cc. of T-1S24 from ampoulest containing a 
known amount of dj*e solution of known 
concentration were injected, the sjTinge 
rinsed as described above, the time recorded, 
and the needle withdrawn. Exactly* 10 
minutes later a sample (6 cc.) of blood was 
withdrawn without stasis from the opposite 
antecubital vein and transferred to a 10-cc. 
tube containing hep.arin for determination of 
the plasma concentration of the dye. In 5 
patients G cc. of blood were withdrawn 


without stasis at the end of 1, 2, and 3 hours 
and transferred to test tubes containing a 
small amount of mineral oil for the estima- 
tion of the serum concentration of sodium 
thiocjmnate. Since the 2 and 3 hour samples 
did not differ from the 1 hour sample, the 
practice of drawing blood at the end of 
2 and 3 hours was discontinued in the sub- 
sequent measurements. The heparinized 
blood (dye-free and 10 minute dye-tinged) 
samples were transferred to separate 4-cc. 
hematocrit tubes (10 mm. x 8 mm.)\ and 
centrifuged for 30 minutes at 3000 r.p.ra. 
The hematocrit values obtained in the dye- 
free and dye-tinged samples agreed to within 
2%, affording confirmatory evidence of the 
absence of hemostasis in the collection of the 
blood. Hemolj'zed samples were discarded, 
the plasma volume determination being re- 
peated. After centrifugation the plasma of 
the 10 minute dye-tinged sample was read 
at 624 mp. in 10 mm. cells against a dye-free 
blank with the Nickerson Decade Photom- 
eter. The optical density was noted, and 
the plasma volume read from the appropriate 
table.” The total blood volume was calcu- 
lated from the equation; 

Plasma volume (cc.) 

Total blood volume (cc.) - i.^cmatocrit 

The plasma volume determined from a 
single 10 minute point is, on the average, 
3.2% greater than that measured from time- 
concentration curves.*’ For our purposes, 
the method is adequate because the error i.s 
slight compared with the changes in plasma 
volume measured on our patients. Moreover, 
we have compared our results on injured 
soldiers with values obtained by the .“amc 
method on the control group. 

The available (thiocyanate) fluid volume 
was measured as follows; To 2 cc. of serum 
from the 1 hour blood .«.amplc, 2 cc. of 2% 
trichloracetic acid were added. The rc.sultant 
mixture wa.s centrifuged at 3000 r.p.m. for 
10 minutes, and to 2 cc. of the .supernatant 


* Five mc*^. of pure heparin were dissolved In a small amount of dbtillcrl water in 10 cc. te*!t tu 
which were pl.accd in a tilted po'^ition in a de-sicator and poriodic.a!Ij' rotntc<l until drj’, f=o th.at a t un 
film of hep.arin waa left co.atiyl upon the inner surface of each tube. _ . , 

t The ampoule- of 5(7* sterile sodium thioc>’an.ate were supplied by the ttnrner Institute of Thera 
fietnic Re-earch. N. Y. C. . 

t The .ampoules cont.aiiiing exactly 5 cc. of a carefully sUandardizeri solution of T-1S2 1 were supp 
by the Warner ln»titute of Theraiieutic Re-earch, N. V. C. Thi' wan recheefced for aenirncy of stanoa. o- 
iz-ation areonlin:; to prnwlure outlined by Gregersen.” 

. .^fac.\!.^»te.- Bick;;e!] Co., C.ambrid(re. Mass. 
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fluid were added 2 cc. of ferric nitrate solu- 
tion. The red color thus developed was read 
immediately in a Coleman Junior Spectro- 
photometer set at 460 mfi. against the sim- 
ilarly treated control sample. The available 
(thiocyanate) fluid volume was calculated 
from the formula given below.f 

The plasma protein concentrations were 
determined by the falling drop method of 
Barbour and Hamilton/ using the formula 
of Weech el alP The hemoglobin determina- 
tions were made with the Fisher electro- 
hemometer.i* 

The total blood volume calculated from 
the plasma volume (dye method) and the 
venous hematocrit has been regarded as 
erroneous by some investigators/'-®'^® owing 
to differences between the values for the 
venous hematocrit reading and that found 
for the total body hematocrit. This differ- 
ence is said to result from the unequal dis- 
tribution of red cells in the various vessels 
of the vascular system. However, the report 
of Hopper, Tabor, and Winkler” shows that 
the average blood volumes measured simul- 
taneousl}’- by dye and carbon monoxide 
methods in man and dog are almost identical. 
Pui'ther evidence that the central hematocrit 
reading does not differ markedly from the 
total body hematocrit has been obtained 
recently by Root, Roughton, and Gregersen-’ 
who also obtained close agreement between 
the blood ■\'-olumes obtained by the simul- 
taneous measurement with dye and carbon 
monoxide. On the basis of this evidence, we 
feel that the total blood r’olume can be 
calculated from the plasma volume and the 
venous hematocrit reading. 

The available (thiocyanate) fluid volumes 
were calculated from the uncorrected formula 
shown above. Although this ignores the fact 
that thiocA'anate diffuses into the erythro- 
cytes and that it is present in serum parth' 
in bound form,’® we feel that useful results 
can be obtaii'cd with this method. 

Results. XoHM.AL Gnorp, The results 
obtained on 34 normal individuals are 
shown in Table 1. These include determi- 
nations of plasma volume, available thio- 
cyanate fluid volume, venous hematocrit 
reading, hemoglobin value, plasma protein 
concentration, and calculations of total 
blood volume, red cell volume, total circu- 
lating hemoglobin, and total circulating 

• Axril.iMo fluid in liter? = 


plasma proteins. Distribution curves 
based on the individual values for the 
plasma volume and blood volume ex- 
pressed as cc. per cm. height, cc. per kg. 
body weight, and as liters per sq. m. body 
surface indicate, in agreement A\ath the 
results of Howntree and Brown,"® that 
although the plasma and blood volume 
correlate well with height and weight, the 
correlation with body surface is better. 
The mean values for the various measure- 
ments, with their respective standards of 
deviation and coefficients of variation are 
given at the bottom of Table 1. Distribu- 
tion curves of the various measurements 
are shown in Figure 1. 

The plasma volume of the 34 normal 
males ranged from 1.31 to 2.20 liters per 
sq. m., the mean being 1.76 liters per 
sq. m. (S.D. 0.20). In terms of cc. per 

kg. body weight, the values are 32.4 to 
56.9, mean 45.3 (S.D. 5.5). The total 

blood volume showed a greater range, 
varying from 2.14 to 4.10 liters per sq. m. 
of body surface. The mean value for the 
entire group was 3.12 liters per sq. m. 
(S. D. =i= 0.36). Expressed in terms of 
cc. per Kg. of body weight, these values 
become 57.5 to 106.0, meanSO.l (S. D. — 
16.5). 

The blood volume and other measurements 
shown in Table 1 agree well with similar 
determinations reported by other inves- 
tigators.®'-®'-® 

In agreement with the report by Cran- 
dall and Anderson," our results indicate 
that the ai-ailable (thiocyanate) fluid vol- 
ume correlates better with surface area 
than with body weight. The volumes for 
the 34 normal subjects (Fig. 1, G) ranged 
from S.l to 11 liters with a mean value of 
9.S liters persq. m. (S.D. 0.61). 

WouxDED Soldiers. The re\-ised diag- 
noses of the 27 patients studied are shown 
in Table 2. This table also includes a 
statement of the nature of the wound 
sustained. The indiWdual patients have 
been assigned the same sxTnboI in Table 2 
as in Table 3. Since from 7 to 24 weeks 
had elapsed between the time of injury 


Tot.il amount of NaCNS injected in pm. X 100 
mp. NaCNS '100 cc. scrum after equilibrium is established. 
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Fig. 1. — Distrilnition curves from body fluid data obtained from the 27 wounded soldiers studied 
compni ed witli correspondinK data from 34 normal male controls. The closed circles represent mdividuni 
values in the normal control proup. The crosses represent individual values in the patient proup. 


and the time at wliich our observations 
tvere made (see Table 2), many of our 
patients had recovered from tlie effects of 
some of the initial tvounds. Others had 
developed various complications, some of 
which wore remotely associated with and 
of graver import than the initial injury. 
Hence, the original diagnoses listed in such 
accompanying tags, records, and charts as 
were available to us have been revised to 
conform with the clinical status of each pa- 
tient at the time he was studied (Table 3). 


Practically all of the wounds were of 
the complex polymicrobial type similar to 
those described by Lyons'® and Pulaski 
and Sprinz." The extent and character of 
the anatomical involvement were also 
extremely varied (see Table 2). .Ml of our 
patients had had surgical attention, had 
received either sulfonamides, or penicillin, 
or both, as avcII as variable amounts of 
plasma or whole blood at different medical 
installations. Accurate data concerning 
previous transfusions or other parenteral 




560 


LING, SPRINZ: 


Table 2.— Diagnoses 
Cane 


OF THE 27 Wounded Soldiers Reported in This Study (Each SnitBOL in 
Tables 2 and 3 Refers to the Same Patient) 


A1 Wounded 21 weeks previously, struck by mast of ship attacked by bombers; simple compression 
fracture of 1st lumbar vertebra; no cord injurj'; traumatic subdural cyst, cauda equina 
(healed); multiple, large decubitus ulcers; acute bilateral pyelonephritis; chronic cj'stitis 
(suprapubic cystotomy). 

A2 Accidentally injured 21 weeks previously with resulting compression of the cauda equina, and 
paraplegia secondary to fracture and compression of 1st lumbar vertebra; compound linear 
fracture right frontal bone, healed; simple fracture, S, 6 right ribs, healed; contusion right 
kidney, healed; nephrolithiasis with acute pyelonephritis, bilateral; chronic cystitis (supra- 
pubic cystotomy) ; multiple decubitus ulcers, 

.\3 M oundod by shell fragments 20 weeks previously; fracture, compound, comminuted of 2, 3, -I. 5 
left metatarsals with no evidence of callus formation after 4 months; fracture, simple, right 
humerus, healing; partial paraplegia secondary to comminuted fracture (healed), 4tli lumbar 
vertebra; chronic cystitis (suprapubic cystotomy) ; multiple, large granulating decubitus ulcers. 

A4 Wounded by bullet 17 weeks pre\'iously; penetrating bullet wound right chest; fracture dis- 
location 4, 5, G thoracic vertebrie; severe partial traumatic myelitis and paraplegia with 
sensoiy loss up to D9; chronic empyema (treated by open drainage) and bronchopleural fistula 
right chest; chronic cystitis (suprapubic cystotomy): multiple decubitus ulcers. 

.45 Wounded 10 weeks preAdously by shrapnel; perforating wound severe entering left flank and 
with exit at right flank with resultant laceration of cecum (cecotomy and appendectomy per- 
formed on date of wound) ; incomplete compound comminuted fracture left ilium with chronic 
osteomyelitis; fecal fistula left flank. 

AG Wounded 1 1 weeks prerdously by shrapnel: wound, suppurating, soft tissues right gluteal region 
with draining abscess, deep; no fracture. 

A7 Wounded by shrapnel 14 weeks previously; suppurating wound soft tissues right deltoid region: 
no bone injury; postdiphtheritic polyneuritis and generalized motor paralysis. 

.4S Wounded by shrapnel 9 weeks pre%‘iously; multiple penetrating wounds Oiealod) left foot, leg, 
thigh and gluteal region, right thigh, and left forearm: compound complete fracture (healing) 
left radius; paralj’sis loft ulnar neiwe: purulent drainage from fistulous tract, right pararectal 
region, sccondaiy to lacerated wound with largo perforation posterior rectal wall. 

A9 Wounded 225 weeks proWously by shrapnel: chronic osteomyelitis, shaft right femur, secondary 
to compound comminuted fracture; large chronic suppurating wound right thigh. 

.410 Wounded by shrapnel S weeks prewously; chronic, deep, dmining abscess left thigh extending 
into Hunter's canal; paraly.sis left femoral nerve; simple, incomplete fracture neck oMeft 
femur; simple comminuted fractures S, 9 right ribs; suppurating wound right flank (5 hy 
10 cm.). 

.411 Wounded by bullet lOJ weeks previously, perforating wound abdomen with lacerations of colon, 
mesentery and jejunum (colostomy present, intestinal lacerations healed); comminuted 
frnctura4tli. 5tli lumbar vcrtcbr.-c; traumatic myelitis, with paraplegia; chronic rctroperitonc.al 
abscc.ss; osteomyelitis, ilium, left; acute pyelonephritis, right: chronic cystitis (suprapubic 
c>-.sto(omy). 

.\12 Wounded by bullet 15 weeks prcriously; perforating wound abdomen with 4 perforations of 
ilium {hc.nlcd): suppurating wounds left flank, left leg; draining p.soas nbsrc.ss, left. 

.413 Wounded by shrapnel 21 weck.s previously: penetrating wound right flank witli shell fragment 
lodged at 4th lumbar vertebra; fcc.al fistula right flank to n.sccnding colon; draining .sun- 
diaphragmatic ab-ces.s, rigiit; taccration nerve roots (4 and 5 Itimb.ar and }si s.'icral) vj i 
soconilar>’ pare.-is: chronic cj'stitis with bilateral a.sccnding pj'eloncphritis. 

.41! Wounded by ,s!irapnel'l9 weeks previously; penetrating wound, right gluteal region: chronic 
ostcomj'clitis, head of right femur and acetabulum .secondary to compound comrniniiffO 
fracture; pj-oart!iro=i.-. right knee joint; fecal fistula descending colon: retroperitoneal nlece^s: 
ro!o«fnmy, 

.41.4 Wounded 14 weeks previously by bullet. left flank with perforation of stomach and injiirj' to 
Iiancreas and kidnej’ (all healed) except for rlraining sinus, left flank. 

Illfi 4\'nurided M weefc.s pre-.'iously by she!! fragment; chronic osteomyelitis, right femur, .second.irj 
to frnctur<'. 

1517 Wo'inded bv liomb fragment 12 weeks previously: perforation.- of stom.ach (he.'iled;; tsr/or.a- 
tion of liepatie flexure fexterlorized as rolostomj'): double barrel jejnnostorny done for m 
tinnl intrn-nJKJomian! miirnl porihf-iJ.'ttiti'': chronic jvcntonif i-*. bron^ . > 

d^terminntior.'* clone 3 fK-for** eJenfb. 

fll<: 4Vour.de, i l»,mb f.-agrr-.ent- 12 week« pre-.'ioudj': ehronic ostcornyelitis fre-olving) sccond.a.sj 

fn r,-,.ri;:c,ur;d fr.actu.-e. left tibia .a.ud fibula. 
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Table 2. — Diagnoses of the 27 Wounded Soldiers Reported in This Study (Each Symbol in 
Tables 2 and 3 Refers to the Same Patient) — Continued 


Case 


B19 AVounded by mine fragments 19 weeks previously; chronic osteomyelitis, ischii, pubes, sacrum, 
coccyx, and necks of both femurs, secondary to compound comminuted fractures; chronic 
cystitis (suprapubic cystotomy); suppurating wounds, right thigh; multiple decubitus ulcers. 

B20 AVounded by bullet 24 weeks previously; penetrating gunshot wound resulting in fracture, 7th 
cervical vertebra, with traumatic myelitis an(j complete paralysis below C7 ; clean granulating 
stump left leg after amputation below knee I month preidously for gangrene; multiple large 
decubitus ulcers; chronic cystitis (suprapubic cystotomy) tests done 4 days before death 
(preceded by unexplained convulsions). 

B21 AVounded 15 weeks previously by bullet; penetrating wounds, buttocks and rectum; colostomy 
closed; wounds granulating slowly. 

B22 Accidentally injured in jeep 7 weeks ago; compound septic necrosis left knee joint and simple 
fracture rim of left acetabulum. 

B23 AVounded by shell fragment; wounds soft tissues right leg (granulating slowly); no fracture. 

B24 AVounded by shell fragment 16 weeks previously with infected wound soft tissues left leg; ampu- 
tation stump right leg (healed) . 

B25 AVounded by shell fragments 7 weeks previously with granulating wounds right ankle, elbow 
and shoulder; fracture, right ankle (uniting). 

B2G AVounded 12 weeks previously by shell fragment; chronic osteomyelitis right femur, tibia, fibula 
and cuneiform bone and 1st metacarpal secondarj' to multiple compound comminuted frac- 
tures. 

B27 Wounded by shell fragment 19 weeks ago; chronic osteomyelitis right femur, tibia and fibula 
and left tibia, secondary to multiple compound comminuted fractures; suppurativ-e artliritis 
and synovitis, both knee joints. 


therapy were generally incomplete. Eight 
of our patients had paraplegia. Measure- 
ments of the height and weight before in- 
jury were available for all the patients, 
from which the normal surface area could 
be determined in the usual Avay.® The body 
fluid measurements have been computed 
in terms of liters per sq. m. of normal body 
surface. The results of the measurements 
of plasma, total blood, red cell, and avail- 
able fluid volumes are shown in Table 3. 
Hematocrit readings, and hemoglobin and 
plasma concentration also appear in this 
table. For comparison AAUth the results 
obtained in the normal group, the fre- 
quency distribution curA^es of the body 
fluid measurements of the patient group 
are presented in Figure 1. 

We have compared the mean total vol- 
ume measurements of plasma, total blood, 
red cells, and aA'ailable thiocyanate fluid 
of the patient group Avith estimated normal 
values obtained by multiphung the mean 
normal surface area of the patients by the 
mean A-olume per sq. m. of body surface 
measured in the normal group. The mean 
hematocrit readings, and hemoglobin and 
plasma protein concentrations of the 27 


patients are compared AAith the cor- 
responding mean A'alue of the 34 normal 
males. Their A'alues are giA'-en in Table 4. 
In column 5 of this table, the mean changes 
from the estimated normal appear, and in 
column 6 is giA’-en the percentage increase 
or decrease from the normal. Tlie statis- 
tical significance of the change (column 7) 
is expressed by dividing the A'alues of 
column 0 by the standard error. 

Blood Volume. The aA-erage plasma 
Amlume of the 27 patients AA’as 2760 cc. 
AA'hich is oSO cc. or 17.3% less than the 
mean estimated normal A’alue. Similarly 
based comparisons for the total blood and 
red cell A'olumes of these patients shoAved 
an CA’en greater decrease for the mean 
total blood A’olume amounting to 1430 cc. 
(24.2 %), and a reduction in- the mean red 
cell A’olume equal to 815 cc. (31.6%). The 
reduction in total blood A’olume is the 
result of decreases in both plasma A’olume 
and red cell A’olume, but the decrease in 
the latter is l.S times that shown by the 
former. The aA'erage hematocrit of our 
patients AA’as 38.4%, AA’hich is 11.7% less 
than tlie mean hematocrit for the control 
group. The reduction in the mean red cell 
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Table 4. — Mean Body Fluid Measuhements foh the Wounded Gboup Repoeted and the Respec 
T ivE Changes From the Estimated Mean Normal Body Fluid Values for This Group 




Mean 

Mean 

Mean 

Change in 

Difference 


No. 

measurement 

estimated 

change in 

wounded 

divided by 


of 

in wounded 

normal 

wounded 

group 

standard 

Measurement 

cases 

group studied 

values* 

group 

(%) 

error 

Plasma volume .... 

. 27 

2760 cc. 

3340 cc.* 

— 580 cc. 

-17.3 

6.3 

Blood volume 

. 27 

4490 cc. 

5920 cc.* 

-1430 cc. 

-24.2 

5.6 

RBC volume 

. 27 

1750 cc. 

2565 cc.* 

— 815 CO. 

-31.6 

10.0 

Available fluid vobime 

. 19 

19,400 cc. 

18,500 cc.* 

+900 CC. 

+4.9 

0.72 

Circulating hemoglobin . 

. 27 

585 gm. 

890 gm.* 

— 305 gm. 

-34.2 

14.0 

Circulating plasma protein . 

. 27 

205 gm. 

235 gm.* 

—30 gm. 

-12.8 

4.8 

Hematocrit ... 

. 27 

38.4% 

43.5%t 

-5.1% 

-11.7 

6.0 

Hemoglobin 

. 27 

13.0 gm.% 

15.0 gm.% t 

-2.0 

-13.3 

6.9 

Plasma protein .... 

. 27 

7.4gm.% 

6.9 gm.%t 

+0.5 

+5.0 

3.3 


* The estimated value is obtained by multiplying the mean normal surface area of the cases studied by the 
corresponding mean normal measurement per sq. m. body surface obtained from the data on the 34 normal males 
in Table 1. 

t Mean normal values observed in the 34 normal males. 


volume is therefore 2.7 times the decrease 
shown by the mean hematocrit. The mean 
hemoglobin concentration of the patient 
group was 13 gm. per 100 cc., or 13.3% 
less than the value for the control group. 
The mean circulating hemoglobin in our 
patients was 585 gm. This value is 305 gm. 
or 34.2% less than the mean estimated 
normal value. The reduction in the mean 
circulating hemoglobin is therefore 2.6 
times that shown by the reduction in the 
mean hemoglobin concentration. The 
values in Table 3 (column 7) indicate that 
the above obser\"ations are statistically 
significant. 

Available {Thiocyanate) Fluid Volume. 
Available (thiocyanate) fluid volume 
measurements were made in 19 of 
the 27 patients studied (Table 3). The 
volumes obtained when based on the 
normal surface area of these patients 
ranged from 7 to 17 liters per sq. m. In 
4 cases, the volumes observed were more 
than 2 standard deviations below the mean 
normal value. The lowest value was 
observed in Case AS whose available 
(thiocyanate) fluid volume was 7 liters 
per sq. m. In 6 cases, the available 
(thiocyanate) fluid volume per sq. m. was 
more than 2 standard deviations above 
the mean value for our normal group. Of 
these 6 cases, 5 showed volumes ranging 
from 11 to 13 liters per sq. m., while 1 
case (B20) had 17 liters of available fluid 
per sq. m. The average total available 
(tliiocyanate) fluid volume of the 19 pa- 
tients measured was 19.4 liters which is 0.9 


liters or 4.9% above the mean estimated 
normal value (Table 3). This increase is 
however, not statistically significant. 

Analysis of the individual total available 
(thiocyanate) fluid volumes in terms of the 
body weight of each patient at the time 
this study was made show that 8 of the 
19 cases measured presented volumes 
which were in excess of 40% of their body 
weight, while 4 of the 8 cases (Al, A4, 
B17, B20) had volumes equivalent to more 
than 50 % of their body weight. The latter 
were extremely ill, febrile, and cachetic, 
and the total available (thiocyanate) fluid 
volumes observed in them were markedly 
elevated in comparison with the mean 
available (thiocyanate) fluid volume found 
in our normal controls which was equiva- 
lent to 25% of the body weight. The 
measurements in Cases Al, B17 and B20 
were made 11, 22 and 3 days prior to 
death respectively. Two months after the 
first available fluid determination, a second 
one was made on Case A4 following 
marked improvement and the establish- 
ment of a positive nitrogen balance. 
Although this patient had gained only 
3.5 kg., his total available (thiocyanate) 
fluid volume had decreased from 23 liters 
which was equal to 51.7% of his body 
weight, to 16.4 liters, a value equal to 
34% of his body weight. 

Circulating Plasma Proteins. Although 
weight losses of 14.5 to 32 kg. were 
observed in the 27 patients studied, the 
average plasma protein concentration for 
the entire group was 7.4 gm. per 100 cc. 
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(S.D. 0,7) (Table 3) which is 5% more 

than the mean plasma protein concentra- 
tion for the control group. Plasma protein 
values below 6.5 gm. per 100 cc. were 
observed in 2 cases, while values above 
8 gm. per 100 cc. or more w^ere present in 
6 cases. The average total circulating 
plasma protein in the 27 patients was 
205 gm. (S.D. 31.4) which is 30 gm., 

or 12.8% less than the mean estimated 
normal value. The linear correlation of 
the plasma volume to total circulating 
plasma protein in our normal controls is 
shown in Figure 2. From the same figure, 
it is apparent that values for the plasma 
volume in our 27 patients are generally 
below normal, although they tend to be 
disposed along the same axis of drift dis- 
played by the plotted values for the normal 
control group. 

Discussion. Patients with chronic 
wound infections, nutritional depletion, 
and anemia show a 24.2% reduction in 
blood volume as compared with the esti- 
mated mean normal value. This is the 
result of a 17.3% decrease in plasma 


volume and a 31.6% reduction in red 
cell volume. The condition may be de- 
scribed as an oligocythemic hypovole- 
mia. According to Stead and Ebert’^ the 
blood ^mlume of normal subjects with a 
relatively constant arterial pressure is 
related to the amount of circulating plasma 
proteins. Our observations show a linear 
correlation between the plasma volume 
and the circulating plasma protein in the 
normal and patient groups (Fig. 2). 
Madden and Whipple” report that the 
plasma proteins are in dynamic equilib- 
rium noth the tissue proteins. This seems 
likely in our patient group, for the reduc- 
tion in weight must have occurred at the 
e.xpense of fat and protein. Negative 
nitrogen balances were observed in several 
cases on whom such studies were done. 
The metabolic status of these individuals 
is that of semi-starvation. It is of primary 
importance that proper attention be given 
to insure an adequate protein intake in 
these patients so that positive nitrogen 
equilibrium may be restored. 

Although the patients with chronic 



Circ. Ffasma Surf , 


rit;. Vdl'itn'- pifp’.tfvl a-nin-t rirciititinc jiln'rrin prctf-m* pf r Ki'J.ir*- tn'vfr s >■ ‘ , 

'‘'irfirxri' tn tlir- 27 ari'I in 31 norm'll Th" firr 

;n tJ *' r/'rinM contrnt croiip. Tiif* rro--*— rc;»rr'/Tit 'n * i 



BLOOD VOLUME CHANGES AND AVAILABLE (tHIOCYANATE) FLUID SPACE 565 


wound infections and pronounced weight 
loss studied by us showed a slightly ele- 
vated mean plasma protein concentration, 
their mean total circulating plasma pro- 
tein was actually 12.8% less than the esti- 
mated mean normal value. Sole reliance 
on plasma protein levels as indices of the 
plasma volume, circulating plasma pro- 
teins, and nutritional status of such pa- 
tients may therefore be quite misleading. 
Two of our patients had plasma protein 
values below 6.5 gm. per 100 cc., and 6 pa- 
tients had levels of 8 gm. or more. Evidence 
of dehydration in the latter was absent. 
Available (thiocyanate) fluid volumes 
measured in 3 of these patients were 
normal. While data on the plasma protein 
fractions in our patients are incomplete, 
the elevated plasma protein values ob- 
served are, in all likelihood, the result of 
an elevated globulin fraction and con- 
comitantly lowered albumin fraction as 
has been noted in chronic suppurative 
infections,^-'* It is highl}'- probable that 
the reduction in plasma volume is largely 
the result of a lowered osmotic efficiency 
of the plasma secondary to a reduction in 
circulating plasma albumin. 

The changes in the hematocrit in our 
27 patients failed to indicate reliably the 
extent of change in the circulating red cell 
volume, for the average reduction in the 
latter was 2.7 times that shown by the 
former. Our observations are in agreement 
with those of Hopper ci that the dye 
method indicates changes in the plasma 
■\-olume more readily than changes in the 
serum protein concentration or hematocrit. 

Similarly, changes in the hemoglobin 
concentration were poor indices of the 
degree of oligochromemia in our patients, 
for the mean reduction in their circulating 
hemoglobin rvas 2.6 times the average 
decrease in the hemoglobin concentration. 
The anemias in our cases of chronic wound 
infection were refractory to liver extract 
and iron therapy. This has been attrib- 
uted to a disturbance in the intermediary 
metabolism of iron m‘th a secondary failure 
to form heme.® Our experience indicates 


that until the associated infections are 
cured, the only effective treatment for the 
anemias observed in these patients is trans- 
fusions of whole blood in adequate quanti- 
ties repeated as frequently as necessary. 
Many of our patients would not have sur- 
vived were it not for repeated transfusions 
given while measures to control these in- 
fections were being instituted. 

Unlike healthy individuals, patients 
\vith chronic wound infections, nutritional 
depletion, and a lowered blood volume 
cannot withstand relatively minor blood 
losses without being predisposed to shock, 
peripheral vascular collapse, and anoxic 
complications. These events have been 
observed in such patients follovnng surg- 
ical procedures. This is not surprising in 
view of the lowered blood volume, red cell 
volume, and circulating hemoglobin ob- 
served in them, and the fact that the blood 
loss in ordinary surgical operations may 
be considerable.®-® We concur with Lyons*® 
that the maintenance of an adequate blood 
volume is of utmost importance in the 
prevention of shock and its complications 
in these patients. The results of this study 
emphasize the necessitj' for whole blood 
transfusions in adequate quantities in the 
preoperative and postoperative manage- 
ment of such cases. Our experience is in 
agreement with that of Coller ct al.,^ and 
Stewart and Rourke®® that the quantity 
of blood loss is not reflected by changes 
in the hematocrit, hemoglobin, and plasma 
proteins prior to and immediately after an 
operation. Reliance on these determina- 
tions may lull the surgeon with a false 
sense of security when indeed shock may 
subsequently intervene. It is clear that in 
these patients the indieation is adequate 
replacement with whole blood, for the 
administration of plasma neglects the 
desired augmentation of the circulating 
hemoglobin and serves to prolong and 
aggravate the e.\'isting anemia. 

Of the 19 patients whose available 
(thiocyanate) volumes were measured, 8 
(Cases AI, .-\3, A4, Ao, A12, Bl7, Bl9, 
B20) (Table 3) showed volumes in excess 
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of 40% of the body -weight noted at the 
time this study -w’as made. The increased 
volumes observed in these cases are 
explained partly by the pronounced cel- 
lular wastage, fat loss, tissue destruction, 
and toxemia, and the replacement by 
interstitial fluid. In Cases Al, A4, B17 
and B20, the available fluid volumes were 
respectively equivalent to 57, 51.7, 52.5, 
and 66.5% of the observed body weight. 
These figures denote exceedingly large 
increases which cannot be explained solely 
on the basis of increases in extracellular 
water. In Case B20, the value approxi- 
mates that for total body water. By tissue 
analysis methods, Overman-^ has estab- 
lished that under certain conditions w’hich 
are not entirely understood, thiocyanate 
ion appears to enter the tissue cells as a 
result of generalized permeability altera- 
tions. This offers a likely explanation for 
the excessive increases in available (thio- 
cyanate) fluid volume observed in Cases 
Al, A4, B17 and B20, all of whom were 
extremely ill, febrile, cachetic, and suffered 
with severe chronic wound infections. Of 
the latter, only Case A4 survived. Excess 
fluid in the serous cavities and tissues 
were absent at autop.sy in Cases A I, B17 
and H20. A second available (thiocyanate) 
fluid determination in Case A4 made 2 
months after the first measurement and 
following marked improvement and a gain 
in weight of 3.o kg., showed that the 
available (thiocyanate) fluid volume had 
<lccrea.scfl from a value equal to .51.7% of 
the body weight to a value which was 
.11% of the body weight. We associate 
this change with the recovery pha.se of 
tissue permeability alterations occurring in 
this patient. It is our experience that in 
.such patients a markedly elevated avail- 
able (thiocyanate) fluid volume approach- 
ing the value for total bofly water is .asso- 
ciated witli !i grave {jrogno.sis. 

Summary. 1. Body fluid flata on .5-1 
normal ^-oiing adults nml 27 patienf.s 
with chronic %vound infeetion.s, extensive 
weiglit loss, and anemia are reported. 


2. The patients studied show an average 
reduction in blood voume of 1430 cc. 
(24.2%). This is the result of decreases 
in plasma and red cell volumes, the 
decrease in the latter being 1.8 times that 
shown by the former. Maintenance of an 
adequate blood volume to prevent shock 
and its complications is of utmost im- 
portance in these cases. For this purpose 
whole blood in adequate quantities, given 
repeatedly if necessary, is indicated pre- 
operatively and postoperatively. 

3. The mean reduction in the red cell 
volume and circulating hemoglobin ob- 
served in our patients was appro.ximately 
2.5 times that shown by the respective 
mean changes in the hematocrit and 
hemoglobin concentration. Blood volume 
determinations offer a practical and more 
reliable guide in therapy. 

4. The available (thiocyanate) fluid vol- 
umes were in excess of 40% of body 
weight in 8 of 19 patients measured, and 
equal to more than 50% of the body 
weight in 4 cases. The values in the latter 
are attributed to the entrance of thiocyan- 
ate ion into the cells as a result of general- 
ized permeability alterations following 
prolonged nutritional depiction, pyrexin, 
severe chronic polymicrobial infcctioas, 
and toxemia. In 1 case the available 
(thiocyanate) fluid volume approached the 
generally accepted value for total body 
water. 

5. Close correlation between thcrediieed 
plasma volumes and circulating plasma 
proteins were observed in our patient.s. 

In general, the plasma protein concentrn- 
tion.s failed to reflect the degree of change 
in the total circulating pia,sma protein and 
phesnia vohmie and may, in fact, fail to 
indicate the direction of change in thc-^e 
ca.'jcs. .As an index of the nufrifionnl 
statu.s, the pla.sina protein concentration 
may he quite mislearling. He-estnlilisfi- 
rnent of po.-itive nitrogen equilif)n'uiri hy 
an a'lcfjuate protein intake i.s indicated in 
all the.-e patients. 

6. The clinical implirationsof the«e find- 
ings arc discussed. 
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1. Roentgenographic Demonstrations 
of the So-Called Regurgitation Phe- 
nomenon in Jaundice. In a series of 
460 cholangiographic examinations in 
which diodrast (3,5-diiodo-4-pyridone- 
N-acetic acid diethanolamine) was 
used, Rigler and Mixer'® observed 8 
patients whose renal pelves were clear- 
ly outlined by the cholangiographic 
medium on roentgenograms made at 
intervals of from 5 to 30 minutes after 
the drug was injected into tlie common 
bile duct. Cholecystectomy had been 
performed on all of the patients and a 
drainage tube had been inserted into 
the biliary ducts. In all instances there 
was a partial or complete obstruction 
of die common bile duct at its ampul- 
lar}' e.xtremity by a biliar}' calculus. In 
sev'cral of the cases in which more than 
one cholangiographic examination was 
performed, tlie renal pelves were filled 
with the contrast medium at one exam- 
ination but not at another, although 
the biliar}' ducts were well distended 
at the time of each cholangiographic 
observ'ata'on. Tliis apparent inconsisten- 
cy is believed to be due to a failure 
to c.vert .sufficient pressure during in- 
jection to cause regurgitation from the 
biliar}’ radicles into the blood stream. 

In the opinion of Bigler and Mixer 
the phenomenon of regurgitation oc- 
curs more frequently than their par- 
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ticular series of instances indicates. The 
renal areas are often obscured on 
roentgenograms by gaseous and other 
intestinal residues, particularly those 
that are opaque to roentgen rays, and 
small concentrations of opaque liquids 
in the renal pelvis are easily over- 
looked. Tliey pointed out that optimal 
conditions must prevail if the phenome- 
non is to be observed. 

Three possible explanations were of- 
fered for this rapid entry of the cho- 
langiographic medium into tlie blood 
stream and its e.xcretion by the kidney 
in a concentration sufficiently high to 
make the renal pelvis visible on roent- 
genograms. Absorption from tlie intes- 
tine was not regarded as a plausible 
explanation because obstruction at the 
lower end of the common bile duct was 
demonstrated in all cases, and in no 
instance was an appreciable amount 
of the medium obsers'cd in the intes- 
tine. Direct absorption of the medium 
througli the mucous membrane of the 
liiliar}’ ducts was thought to be im- 
probable for several reasons. In the 
first place, evidence that the medium 
had entered the blood stream at a!! v’as 
elicited in but a small percentage of 
tlie cases in which a wcll-dislcndcd 
hiliai}' duct system was demonstrated 
by cholangiography. If the mucosa of 
(lie biliar}' ducts were capable of ah- 
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sorbing significant amounts of the me- 
dium then every cholangiogram reveal- 
ing a well-distended set of biliary ducts 
should also reveal the medium in the 
renal pelvis. In tlie second place, the 
medium was observed to enter the 
kidneys very rapidly, in one case as 
early as 5 minutes after it was injected. 
The experimental work of Shafiroff and 
Bierman^^ was cited in support of the 
proposition that absorption of the me- 
dium by the mucous membrane of die 
biliary ducts takes place slowly, if at 
all. They hgated the cystic duct of 
cats and carefully preserved the blood 
vessels and lymphatics of die gallblad- 
der. They dien injected various radio- 
paque substances into the lumen of the 
gallbladder. Crystalloid substances such 
as sodium iodide and most of the or- 
ganic compounds of iodine commonly 
used in ex'cretory urography, of which 
diodrast is an example, were absorbed 
from the lumen of the gallbladder only 
after 6 hours, and diey appeared in 
the kidneys hours later. Bigler and 
Mixer pointed out diat this represents 
absolution by die mucous membrane of 
die gallbladder and diey diought it 
reasonable to assume diat absorption 
by the mucous membrane of die biliary 
ducts would be even more markedly 
delayed. For diese reasons they held 
that, at best, an insignificant amount of 
die cholangiographic medium was ab- 
sorbed by die mucous membrane of die 
biliary ducts, and diey concluded that 
die mode of entiy of the medium into 
the blood stream in quantities sufficient 
to be roentgenographically demonstra- 
ble in die kidneys was direcdy into die 
hepatic sinusoids and veins and dience 
into the blood stream. Apparently the 
pressure under which the cholangio- 
graphic medium was injected in the 
cases in u’hich this regurgitation oc- 
curred was too great for die walls of 
the biliaiy^ canaliculi to tolerate. Tlie 
speed with which the medium gained 
access to the kidneys and the amount 


of medium demonstrated there indicate 
that rupture of the canaliculi must 
have occurred. In his discussion, Bigler 
mentioned that the more famihar phe- 
nomenon of pyelovenous backflow ob- 
served not infrequendy in retrograde 
pyelography is an analogous situation. 

In addition to providing another and 
a very grapliic hnk of evidence for the 
existence of a relatively easy reti'ograde 
communication betwen the biliary 
ducts and the blood stream, especially 
under conditions of elevated intraduct- 
al pressure, diis observation of Bigler 
and Mixer offers a new and very plau- 
sible explanation for some of the unfa- 
vorable reactions wliich occasionally are 
associated with cholangiography. Aller- 
gic types of reactions like those observ- 
ed sometimes, and stiU too frequently, 
when die organic compounds of iodine 
prepared especially for use in excretor)' 
urography are administered by the in- 
travenous route, are observed rarely, 
if at all, after cholangiography. Bigler 
encountered none over a period of 6 
years in wliich he used diodrast for 
this purpose, and he said that he was 
aware of no report of such a reaction 
in die literature. Bigler and MLxer said 
diat mild or even severe febrile reac- 
tions were not uncommon after cho- 
langiography in dieir experience. They 
intimated diat a mild or transient bac- 
teremia might be responsible for diose 
reactions. Such reactions occur only in 
cases of infection of die biliary tract. 
They reasoned that if die cholangio- 
graphic medium can be regurgitated 
into die blood stream it is also possible 
to force die bacteria present in the 
biliary ducts into the blood stream. 
Experimental work on animals, unpub- 
lished as yet, which was done in their 
laboratorv', supports this contention. 
Tliey discredited die idea that simple 
distention of die biliari' radicles might 
be a cause of these febrile reactions. 
In none of die cases in which they 
demonstrated regurgitation of the cho- 
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Jangiographic medium into the blood 
stream was there evidence of infection 
of the biliary tract, and in none of 
these cases was there evidence even of 
mild unfavorable reaction. In all of 
them however, tlie biliary ducts were 
well distended. Neither could they 
agree wth authors who attribute the 
severe reactions to regurgitation of the 
medium and presumably other possibly 
infectious content of the biliarj' ducts 
into the pancreatic duct. Their collabo- 
rator, Bergh", found that the pancreatic 
duct received the contrast medium in 
about a third of a series of cholangio- 
grams he studied". Since the incidence 
of unfavorable reactions after cholan- 
giography is much lower than this, 
Bigler and Mixer contended that the 
entry of cholangiographic medium and, 
with it, otlier contents of the biliary 
ducts into the pancreatic duct is prob- 
ably not responsible for the postcho- 
langiographic difficulty. 

^''er^' appropriately, Bigler and Mixer 
i.s.sucd the warning that great care 
should be e.xercised in performing tlie 
ncccssarj' maneuvers of cholangiogra- 
phy. Injection of die medium should 
he made at the lowest possible prc.s- 
surc to obtain moderate filling of the 
intrahepatic ducts. Tliey suggested 
that the medium might best be injected 
under roentgenoscopic control to fa- 
cilitate the use of the minimal amount 
of pre.ssurc and yet realize the full 
benefit of the diagnostic procedure. 
They also insisted on the use of all pos- 
sible aseptic precautions in the prepa- 
ration and administration of the cholan- 
cingraphic medium. 

2. /\ roentgenologic cue. to the diag,no- 
sis of spontaneous liypoparatlujroidism. 
Camp’ recently reported the results of 
some invcstigatioiis he made on the sig- 
nificance of ssimnetrical calcification of 
the cerebral basal ganglia. He found 
12 c.ises in which this phenomenon oc- 
curred and in which there was definite 


clinical evidence of parathyroid insuf- 
ficiency and tetany. In general, the pa- 
tients’ sjmiptoms were those which 
commonly complicate hypoparathy- 
roidism, cataracts, comoilsions, mental 
retardation and trophic changes. Four 
of the patients were males; 8 were fe- 
males. At the time of onset of symp- 
toms, 7 of tire patients were less than 
10 years old, 3 were between 10 and 
20 years of age, 1 was 39, 1 was 42. 
At the time of Camp’s examination, 
however, 1 patient was 2^/2 years old, 
4 were between 10 and 20 years of 
age, 3 were between their 20th and 
30th years, 1 was 32 years of age, and 
3 were more than 40 years old. In 11 
of the cases the parathyroid insufficien- 
cy was spontaneous; the other patient 
underwent tliyroidectomy at the age of 
19 years and hypoparathjToidism fol- 
lowed subsequently. 

The pathogenesis of the calcification 
is fairly well understood. Originally, a 
deposition of colloid takes place in and 
around the smaller cerebral arteries, 
especially in the media and adventitia. 
Tire veins are rarely affected. Later, 
the deposits of colloid become calcified 
and, as they coalesce, perivascular 
sheaths and concretions are formed. 
Wien the process is extensive tlic cap- 
illary vessels may be occluded, but 
the lumens of the arteries arc rarely di- 
minished. Changes like these are fre- 
quently observed at necropsy, especial- 
ly in the globus pallidus and in the 
dentate nucleus of the cerebellum, and 
when they are of minor degree they 
arc often thougJit to have little signifi- 
cance. The pathologic process de.scrib- 
ed may become marked at any age, and 
in citlicr sex and in response to m.any 
diseases, not all of whicJi arc associat- 
ed with neurologic .symptoms. Camp 
and those who worked uath him on this 
project expressed the opinion that these 
changes hav’e been most marked and, 
therefore, most subject to roentgenolo- 
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gic detection in cases of parathyroid 
deficiency and other diseases featured 
by mental deterioration, sometimes 
witli and sometimes without convul- 
sions or motor symptoms referable to 
tlie extrapyramidal system. They did 
not hold die calcification responsible 
for the mental deterioration and con- 
vulsive seizures, because adequate 
ti'eataient of the paradiyroid insuffi- 
ciency improves the mental condition 
of the patients and stops the convul- 
sions; but the cerebral and cerebellar 
calcification undergoes no roentgeno- 
logically demonsh'able change. 

The roentgenologic appearance of 
S3mimetrical calcification of the cere- 
bral ganglia was described as a dis- 
tinctive one, although the degree and 
e.xtent of demonsh'able calcification 
vary within wide limits corresponding 
presumably widi the stage of die dis- 
ease diat is present at the time of 
roentgenologic examination. At the 
stage when die calcareous deposits are 
microscopically small, they are expect- 
ed to escape detection on roentgeno- 
grams made during life. The earliest 
demonstrable deposits Camp observed 
were small, irregular and discrete, and 
they were distributed symmetrically in 
die regions of the several basal gan- 
glia, especially in die putamen and the 
caudate nucleus. Widi more extensive 
calcification, especially when it occur- 
red in die dentate nucleus of die cere- 
bellum and in the folds of die cere- 
bellar hemispheres, the shadow's as- 
sumed a wavy linear appearance. Widi 
coalescence of calcareous masses die 
shadows were larger, denser and more 
obvious. Calcified deposits in die cere- 
bellum and in die deeper layers of die 
cerebral cortex were obseri'cd to occur 
coincidentally. Tliey sometimes were 
so marked as to simulate vascular le- 
sions or calcified gliomas. Calcification 
limited to die basal ganglia of 1 side 
was obsen'cd in 2 cases and it was 


minimal in bodi cases. Neither patient 
had evidence of neurologic or parathy- 
roid disease. 

The bilateral and symmetrical ar- 
rangement of die deposits was die 
feature which served to prevent diag- 
nostic confusion %vidi cerebral neo- 
plasm. Pneumographic examinations 
were occasionally used to clarify doubt- 
ful situations. Deposits of calcium in 
die choroid plexus were confusing only 
in anteroposterior projections of the 
skull; lateral projections of the skull, 
however, readily revealed the charac- 
teristic, more anterior position of cal- 
careous deposits of the larger basal 
ganglia. 

Camp was careful to point out that 
calcification of the cerebral basal gan- 
glia is not found exclusively in cases 
of parathyroid insufficiency. In die 
course of his study he observed the 
calcification in patients who had had 
encephalitis, tuberous sclerosis, toxo- 
plasmosis or mental deficiency since 
birth, and in some who did not have 
any clinical signs and symptoms refer- 
able to the condition. Tlie observation, 
in a relatively short period, of 11 in- 
stances in which paradijToid insuffi- 
ciency and calcification of the basal 
ganglia were associated was to liim 
more tiian mere coincidence. Since par- 
adiyroid insufficiency responds so 
prompdy and so well to treatment, the 
diagnosis should be established as fre- 
quendy and as quickly as possible. Camp 
e.xpressed the belief that at least an oc- 
casional mentally retarded or handi- 
capped patient might be salvaged if all 
patients wnth knowm or suspected para- 
tii\Toid insufficiency were subjected to 
roentgenologic examination of the 
skull, and if estimates of the concen- 
tration of serum calcium were made in 
all cases of sjarnmetrical calcification of 
die cerebral basal ganglia. 

3. Some roentgenologic contributions 
to the diagnosis of vermiform appendi- 
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citis. If a roentgenologist is asked to 
make a diagnosis of appendicitis, he 
makes use of diagnostic criteria in no 
way different from those used by other 
physicians. He takes a detailed Wstory, 
makes a careful physical examination 
of the patient, and gives due considera- 
tion to special examinations of the urine 
and blood. Naturally, he is more “x-ray 
conscious” than many another physi- 
cian would be, and if his roentgeno- 
logic equipment happens to be handy 
he will probably want to submit the 
patient to certain very simple roent- 
genologic examinations, none of which 
are rigorous enough or time-consum- 
ing enough to have an unfavorable ef- 
fect on the patient s prognosis. The pre- 
liminary procedure would probably be 
a so-caUed scout film (preliminary sur- 
vey) of the abdomen, preferably in an- 
teroposterior and postero-anterior pro- 
jections. His principal concern in this 
examination is the exclusion of certain 
abdominal abnormalities which pro- 
duce clinical manifestations that simu- 
late those of appendicitis. Urinary lithi- 
asis usually, and biliary lithiasis fre- 
quently, can be disclosed by this sim- 
ple maneuver; the existence, site, and 
usually the nature and significance of 
other intra-abdominal calcified masses 
can be determined; opportunity is giv- 
en to establish tlie presence and to con- 
sider the significance of abnormal intra- 
intestinal and extra-intestinal accumu- 
lations of gas. If, by chance, the cecum 
contains enough gas to make this or- 
gan identifiable as such, the roentgen- 
ologist may wish to perform roentgen- 
oscopy to correlate the abdominal ten- 
derness and muscular reaction wth the 
cecum, and by inference \vith the ap- 
pendix. 

Not many roentgenologists today 
place much reliance on die ewdence 
of appendicitis elicited by administer- 
ing opaque suspensions by mouth or 
by enema in the hope of making the 


lumen of the appendix visible on roent- 
genograms or on the roentgenoscopic 
screen. It is true that the exact intra- 
abdominal position of the vermiform ap- 
pendix can be determined in this way; 
its mobility can be tested by manipu- 
lation and its anatomic relation to the 
cecum can be depicted. These determi- 
nations are possible, however, only if 
the appendix receives the contrast me- 
dium. This will be unlikely if the ap- 
pendix is actually diseased in the clin- 
ical sense, although failure of the 
appendix to receive the contrast mate- 
rial is in no sense acceptable evidence 
of appendiceal disease. Nevertheless, to 
be able to demonstrate a precise corre- 
lation between significant abdominal 
tenderness and abnormal muscular re- 
action to palpation, and the tip of the 
cecum may, especially when the cecum 
is^ not in its usual position, be helpful 
in clarifying a dubious situation. 

Even if there were distinctive roent- 
genologic signs of appendicitis, admin- 
istration of opaque material by mouth 
would rarely be undertaken when the 
diagnostician is confronted with the 
possibility of acute appendicitis. Hoims 
are consumed waiting for the material 
to reach the ileocecal region, and these 
are critical hours. Administration of 
opaque material by enema is much less 
time-consuming but it is not without 
danger when perforation is imminent, 
because it is a rigorous procedure, and 
no matter how deftly performed it 
cites the motility of the intestine at the 
very time when such excitement should 
be scrupulously avoided. In the inter- 
val between recurrent acute or sub- 
acute attacks of appendicitis, opaque 
material can probably be administered 
wth relative safety by eitlier route. 
But what is the diagnostic yield? Again 
it is true that lesions of the intestinal 
tract other than appendicitis,^ but per- 
haps simulating it in their clinical mani- 
festations, will be detected in this way. 
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But aside from the apparently rare 
demonstration of an inspissated non- 
opaque fecal mass in the lumen of the 
appendix, or verifying the intraluminal 
or juxtacecal situation of an appendi- 
colith impregnated with calcium, there 
are no reliable and distinctive signs of 
clinically significant appendicitis. The 
patient may complain of tenderness 
when the cecum or tlie appendix is 
manipulated during roentgenoscopy 
and there may be some voluntary or in- 
voluntary abdominal muscular reaction 
on the part of the patient to the pal- 
pation, but at most tliese are signs of 
doubtful value and but a minor part 
of the clinical syndrome. If the appen- 
dix fills with barium suspension, and 
there is reason to think that 3 out of 4 
appendixes will do this either with tlie 
barium meal or widi die barium enema, 
or with bodi, the roentgenologic ex- 
aminer may get tlie impression from liis 
manipulations dmang roentgenoscopy, 
or even less rehably from a set of serial 
roentgenograms of the ileocecal region, 
that tlie appendix is fixed unnaturally 
to die cecum or to die abdominal pa- 
rietes, and he may interpret diis to be 
a residuum of previous attacks of ap- 
pendicitis. Unfortunately the natural 
fixations of the appendix are most dif- 
ficult to distinguish from die unnatu- 
ral ones, in fact, many examiners of rec- 
ognized competence experience diffi- 
culty in establisliing merely the fact of 
fixation. Odier more or less significant 
changes diat may be observed in the 
barium-filled appendix are: (1) its in- 
fracecal, paracecal or retrocecal posi- 
tion; (2) diverticula, which are very 
rarely encountered and of questionable 
clinical and padiologic significance; (3) 
kinks and tortuosih', potential factors 
in die padiogenesis of acute appendi- 
citis when it can be established that 
diey are genuine, and diis is not easy 
to do; (4) appendiceal stasis, the signifi- 
cance of which is impossible to esti- 


mate because it is known that appar- 
endy normal appendixes can retain 
roentgenologically demonstrable quan- 
tities of barium for days or weeks; (5) 
opaque foreign bodies, especially gun- 
shot, which may be retained for pro- 
longed periods; (6) small, nonopaque 
masses which may be small fecahths or 
inspissated mucus, probably formed in 
situ, the significance of which is ques- 
tionable; (7) peculiar and as yet unex- 
plained changes in the rehef pattern of 
the appendiceal mucous membrane. 

Neoplasms of the vermiform appendix, 
malignant and benign, the incidence of 
which is exceedingly low, are occasion- 
ally made manifest not by producing 
demonstrable change in contour of the 
contrast-filled appendix, because the 
appendix is not expected to receive the 
conb-ast material when so affected, but 
by producing a compression or dis- 
placement t)q)e of deformity of tire ce- 
cum or adjacent portion of aboral 
ileum. The tumefactive chronic peri- 
appendiceal abscess or granuloma 
produces a similar roentgenologically 
demonstrable change. 

These remarks were prompted by 
die appearance in recent issues of ra- 
diologic journals'' ® ^ of several arti- 
cles pertinent to tlie subject of appen- 
dicitis. Three of tliese called attention 
again to tlie significance of calcified ap- 
pendicoliths. To those readers who ac- 
cept the tlieory which ^^^angensteen^® 
developed in a very convincing man- 
ner, namely, tliat obstruction of the ap- 
pendiceal lumen is the fundamental 
factor in tlie patliogenesis of acute ap- 
pendicitis and tliat the appendicolith is 
tlie most important single agency in the 
development of the obstruction, tliese 
discussions will have a special appeal. 
It is known, of course, that appendico- 
liths are frequently found in appen- 
dixes removed surgically for acute ap- 
pendicitis (in 67% of a series of cases 
of acute appendicitis anah'zed by Bow- 
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ers®), but the preoperative diagnosis 
lias been made relatively seldom. The 
diagnosis is strictly a roentgenologic 
problem and it is a relatively simple 
one when the concretion is fairly large 
and when it is impregnated with 
enough calcium to make it opaque to 
tlie roentgen rays. The incidence of 
appendicoliths of this kind has been 
thought to be very low. Yet Felsen and 
Bernhard’ encountered 10 instances in 
the course of 3 years during wliich time 
they estimated tliat 300 appendecto- 
mies were performed in tlie hospitals 
in which the 10 patients were seen. 
They also made an- analysis of 100 
cases reported in the literature since 
1906 and of the 10 cases of their own. 
(See below.) Thomas’- reported on the 
clinical histories and roentgenologic 
findings in 8 cases, 6 of which were ob- 
served since 1945 and 4 of them in that 
year. In Childe’s® series of 8 cases the 
patients were children 12 years old or 
younger who were observed in a pe- 
riod of 11 years in 1 hospital. These 
reports are not mutually inclusive. In 
only 11 of the 100 cases reviewed by 
Felson and Bernhard’ was the diagno- 
sis made preoperatively and confirmed 
surgically. Summarizing the important 
conclusions which the authors of these 
papers independently concurred in 
making, these points can be made: (1) 
appendicoliths appear on roentgeno- 
grams of the abdominal field as oval or 
round or triangular or irregular opaque 
masses, which vary in size between 
0.5 cm. in diameter to 3.0 by 1.5 cm. 
in length and width, and usually show 
evidence of lamination (94%, accord- 
ing to Felson and Bernhard), are situ- 
ated in the far right lateral portion of 
the abdominal field at various vertical 
levels between the shadow of tlie low- 
er border of the liver and that of the 
spine of the right ischium. (2)' The 
shadows are large enough and opaque 
enough to be seen on the roentgeno- 


gram of the abdomen, although special 
projections are sometimes necessary to 
identify the shadows as appendicoliths 
and occasionally it is necessary to per- 
form urographic and cholecystographic 
examinations to exclude urinary or bili- 
ary calculi or to examine the ileocecal 
region ivith the opaque meal or the 
opaque enema to prove a close anatom- 
ic relationship of the shadow with the 
cecum. (3) In about two thirds of the 
cases reported there was but 1 appen- 
dicohth; there were 2 or more appendi- 
coliths in a third of the cases. (4) Not 
all appendicoliths are hard and firm; 
according to Felson and Bernhard 
about a fourth of them have a soft con- 
sistency. (5) Since the coincidence of 
acute appendicitis with appendicohthi- 
asis is very high, and since the inci- 
dence and imminence of perforation of 
the appendix at or near the appendico- 
lith is also very high, surgical removal 
of the appendix should be attempted 
as soon as the diagnosis is made; Thom- 
as was especially insistent on this point 
and made tlie apt comment that it is 
more important to remove an appendix 
containing stones than to remove a gall- 
bladder witli stones since rupture of the 
gallbladder is a comparatively unusual 
complication of cholecystic disease. (6) 
Roentgenographic examination of the 
abdomen should be performed routine- 
ly whenever the diagnosis of appendi- 
citis is being entertained. 

Euphrat® reviewed the literature on 
mucocele of the appendix and reported 
a case in which, by using a well-de- 
fined roentgenologic syndrome elabo- 
rated by j^erlund’, he was able to 
make the correct diagnosis prior to op- 
eration. The patient was a woman, 
aged 42 years, who for 10 months had 
had duU pain in the lower part of the 
right side of the abdomen while 
lying down. Physical examination re- 
vealed a smooth, round, slightly 
tender; very mobile mass at the level 
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of the anterior superior spine of tlie 
ilium. Roentgenologic examination of 
the colon showed the cecum to be 
displaced medially and anteriorly by 
a reniform, mobile, sharply circum- 
scribed mass which measured about 
6 by 10 cm. The mass maintained a 
close anatomic relationship to tlie ce- 
cum when manipulated, and it pro- 
duced a concave deformity of the lat- 
eral and posterior borders of the ileo- 
cecal coil by its close contact. In tlie 
central portion of the mass there was 
an accumulation of calcareous mate- 
rial arranged in the shape of a swas- 
tika. No contrast material was observed 
to enter the lumen of the appendix. On 
die basis of diese findings the diagno- 
sis of mucocele of the appendix was 
made. The diagnosis was confirmed at 
operation. Qualitative tests of the con- 
tents of the mucocele were strongly 
positive for calcium but tliere was no 
trace of barium. This appears to be 
die fourth reported case of mucocele 
of the appendix in wliich the correct 
diagnosis was made before operation 
or necropsy. Euplirat expressed the 
opinion diat in the past the diagnosis 
was usually missed because die pres- 
ence of a mucocele was not considered. 
Undoubtedly diere have been odier 
instances, as yet unpublished, in which 
the diagnosis was made preoperatively 
and subsequendy confirmed, for Aker- 
lund’s criteria are so definite and so 
readily elicited. The only feature of 
the syndrome distinctive for muco- 
cele is die deposition of calcium in die 
substance of the tumor or in a plaque- 
like arrangement in its walls. Benign 
and malignant neoplasms of die ap- 
pendix are manifested roentgenologi- 
cally in a manner similar in all odier re- 
spects. A well-localized clironic periap- 
pendiceal abscess may effect similar 
changes. Obraously die clinician and 
die roentgenologist should consider all 
die possibilities when alterations in the 


ileocecal region of this general nature 
are encountered in practice. 

4. Roentgenologic aid in the diagno- 
sis of mesenteric thrombosis. Some 
years ago, Rendich and Harrington® 
reported 3 cases of mesenteric throm- 
bosis, in 2 of which they postulated a 
diagnosis of mesenteric tlirombosis on 
the basis of observations made in the 
first case. In this case die patient was 
a woman, aged 75 years, who entered 
die hospital because of obstipation and 
abdominal pain of about 60 hours’ du- 
ration. The clinical diagnosis was intes- 
tinal obstruction. Roentgenographic ex- 
amination of the abdomen revealed 
distention of the small intestine and of 
die right half of the large intestine 
with gas. The column of gas in the 
large intestine ended abmpdy at die 
transverse colon limb of the splenic 
flexure. Tliis suggested mechanical ob- 
sti'uction; but, surprisingly, the opaque 
enema readily passed tlirough the site 
of the suspected obstruction to fiU the 
entire colon. The patient died die next 
day. Necropsy revealed thi'ombosis of 
the .superior mesenteric artery; gan- 
grene of the small intestine, cecum 
and part of die ascending colon, and 
hypertensive heart disease. In the 
course of the next nine months they 
obser\'ed two odier patients who pre- 
sented a similar intestinal distention on 
roentgenographic examination of the 
abdomen. On this basis alone diey 
again offered the tentative diagnosis 
of mesenteric vascular occlusions. Bodi 
patients underwent operation. Hie di- 
agnosis was verified, die gangrenous 
intestine was resected, and the patients 
recovered. 

Recently Harrington® reported 4 ad- 
ditional cases widi precisely similar 
roentgenographic manifestations in 
whicli die diagnosis of mesenteric 
dirombosis was confirmed either at op- 
eration or at necropsy. 
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The authors®'® did not say how often 
this diagnosis was made but disproved 
by subsequent events; therefore, they 
presumably did not have this experi- 
ence. In any event, their published 
roentgenograms are convincing enough 
to make the clinician and roentgenolo- 
gist give this diagnostic possibihty due 
consideration whenever gaseous dis- 
tention of the intestine abruptly termi- 
nating in the region of the splenic flex- 


ure of the colon has occurred. It is the 
region which corresponds to the hmit 
of the distribution of the superior mes- 
enteric vessels. Obviously, it is anoth- 
er situation in which a simple roent- 
genologic procedure may offer an im- 
portant clue to an obscure and rela- 
tively rarely encountered cause of genu- 
ine abdominal catastrophe, and one for 
which prompt decision might spell the 
difference between life and death. 
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Few drugs have enjoyed such wide or 
varied use as atropine and its related 
compounds. Since some ancient time, 
when plants of the belladonna group were 
first ingested, up to the recent flood of 
synthetic modifications it has been a basic 
tool of witch doctor, physician and sci- 
entist. What basis does modern pharma- 
cology give us for separating fact from 
myth— for replacing empirical hearsay 
with applied physiologic obsen’-ations? 
Partial answers to these questions are 
given in the following review — an out- 
growth of some investigations on methyl 
atropine nitrate at the University of 
Rochester. 

Chemical Structure and Biologic 
AcTmTY. '\Wiat is known of the relation- 
ship between the chemical structure and 
biologic activities of these drugs? The 
active principle of the belladonna leaf and 
its extracts are a group of alkaloids, the 
most important of which is 1-hyoscyamine. 
Atropine is a stereo-isomer of hyoscya- 
minc and is optically racemic. The com- 
pound is the ester of tropinc (an amino- 
alcohol) and tropic acid (alpha-phenyl, 
bcta-hydroxy-propionic acid). Extensive 
investigations an:l modification of both 
portions of this molecule have been car- 
ried out to determine if possible which 
chemical and structural features are es- 


sential for various biologic activities dis- 
played by the parent alkaloid. Cushny^® 
(1920) felt that tropine itself was devoid 
of “typical” atropine action. However, 
its esters (tropeines) with a great variety 
of acids possess some degree of biologic 
activity. This was systematically studied 
by Dyson“ (1925). In general, he found 
that mydriatic activity was stronger in 
those compounds containing a benzene 
ring and/or an alcoholic hydrox,yl group 
in the acidic portion of a molecule, but 
this was not the essential prerequisite it 
was often thought to be. For e.xaraple 
alpha-hydro.xy-beta-2 and p,\Tidyl tro- 
peine, which has no benzene ring portion, 
and ortho-hydro.xy-henzoyl tropeine and 
meta - hydroxy - benzoyl tropeine which 
have no alcoholic hydroxyl groups, all 
possess mydriatic activity. Indeed the 
lactone itself possesses mydriatic activity 
as shown in terebyl tropeine which has 
paralytic activity in addition; thus this 
property does not depend on a free hy- 
droxyl group either. Opening the lactone 
ring destroys activity. 

The irritant action of atropine is dim- 
inished with the substitution of halogen 
(chlorine or bromide) for the hydroxyl 
portion of the atropic acid residue. 

Alkyl atropines are without activity. 
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Demethylation of the nitrogen atom 
results in decreased activity. 

Methyl atropines have little or no cen- 
tral action but retain their peripheral 
activity. 

It has been shown, then, that certain 
alterations in structure modify various 
types of atropine actions. Thus syntro- 
pan (the dimethyl-amino-propanol ester 
of tropic acid) is quite effective in reduc- 
ing spasm of smooth muscle (though 
20 times less effective than atropine itself 
in equivalent doses) it is almost without 
effect upon the central nervous system; it 
does not suppress pilocarpine, induces 
salivation, and is a very weak mydriatic. 

Novatropine (methyl-homatropine hy- 
drobromide) Avas shown by Quigley"*' 
(1937) to be somewhat less effective than 
atropine in inhibiting gastric hypermotil- 
ity induced by insulin. 

Hdmatropine is an excellent mydriatic, 
although somewhat transient in effect but 
has little systemic effectiveness, possibly 
because the body esterases are able to 
destroy it rapidly (Bernheim,® 1942). 

Eucatropine (4-mandelyIoxy-l; 2; 2; 6- 
tetramethyl piperdine) has also been used 
clinically as a mydriatic. 

Mydriasin is a trade name for methyl- 
atropine bromide. 

Methyl-atropine nitrate is sold in this 
country under the trade names of eumy- 
drine and metropine. 

A long series of benzilic esters were 
investigated by Ing ct al.^° (1945) and 
they briefly reAuewed the problem. Their 
observations covered compounds of the 
following general tj^pe: 

/H‘] _ 

Acyl - O - (C)„ N^R! f X 

\r»J 

which structurally are all alkamine esters 
where the (C)„ group is either a poly- 
methylene chain or a cyclic structure. It 
is a striking fact that compounds of this 
general type have a peculiar affinity for 
neural structures and e.xhibit 1 or more 
of 4 kinds of pharmacologic actions, 
namely, cholinergic, atropine-like, curare- 


like and local anesthetic, depending on 
the nature of the ac 5 d radical and of the 
basic group. The discussion of these 
writers is worth quoting: “Cholinergic 
properties appear to be rather strictly con- 
fined to molecules containing 3 methyl 
groups on the N-atom and an aliphatic 
acyl radical (acetyl, pyruvyl, carbamyl, 
etc.); the (C)„ group is usually (CH 2)2 
but n may be 3 or the chain branched, 
e. g., acetyl-methylcholine.” 

“Atropine and curare both antagonize 
acetylcholine drugs but the anatomic dis- 
tribution of their effects is different. 
Curare-like properties are widely shared 
by alkamine esters, proAuded that the 
basic group is quaternary, but they may 
appear in a milder and more transient 
form in tertiary bases. The curare type 
of activity is characteristic of the oniiim 
cation and when it is displayed by ter- 
tiary bases most probably depends upon 

+ 

a relatively stable tertiary cation RsNH, 
because strong bases show it more mark- 
edly than weak bases. 

“ The results, Avhich are reported in this 
paper, suggest that atropine-like proper- 
ties ought also to be attributed to the 
cation and not to the free base. Conver- 
sion of a tertiary base into its metho-salt 
stablizes the cation. Whereas tertiary 
+ 

cations-RsNH e.xist in equilibrium AAith the 
+ “ 

free base, thus: R3NH -j- OH = R3N 
H2O, quaternary cations are incapable of 
such a reA^ersible reaction. We haA'e found 
that such stabilization normally increases 
the atropine-like properties of tertiary 
bases. The attribution of atropine-like 
properties to the cation of the tertiary 
base not onlj' explains our results but 
also brings the atropine-like action into 
line with the curare-like action; both are 
due to antagonism of an onium cation, 
acetylcholine, in cells adapted to respond 
to the latter, and our view is that the 
cationic nature of the antagonist, Avhether 
atropine-like or curare-like, is fundamen- 
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tally important. The conversion of a 
tertiary base with atropine-like properties 
into its metho-salt not only increases its 
activity in this respect, but also confers 
upon it strong curare-like properties, as 
Brown and Frazer^® (1869) discovered for 
atropine itself. The other structural 
features which lead to atropine-like pro- 
perties in alkamine esters are more re- 
stricted than those which confer curare- 
like properties.” 

Physiologic Activity of Atropine. 
In the previous section, while considering 
chemical structure, the term “typical” 
atropine activity was glibly used. Just 
what is typical atropine activity? 

The most prominent physiologic action 
of atropine may be expressed as antivagal, 
that is, it tends to block the effects of 
acetyl choline on smooth muscle and gland 
cells, leaving adrenergic action dominant 
and unopposed. That atropine often 
selectively blocks the muscarinic action 
of acetyl choline without affecting the 
nicotinic effects of acetyl choline is illus- 
trated by FreyV® experiment (1928) on 
the intestinal tract of the tench. Clark’^ 
(1937), however, offers well documented 
evidence to show that this is a generaliza- 
tion, and every tissue seems to be a law 
unto itself. For example, in Helix pro- 
mafia the heart action is inhibited by 
acetylcholine or muscarine. The presence 
or absence of atropine has no effect on 
this action. One becomes accustomed to 
thinking of atropine as a parasympa- 
theticolytic drug with solely peripheral 
action, but these drugs have definite cen- 
tral nervous system and sympathetic com- 
ponents in their action. It is worth recog- 
nizing that although little is known about 
the exact way in which atropine works, 
there is abundant evidence that in no 
instance does it prevent nerve impulses 
from releasing acetylcholine but merely 
prevents effector cell response at some 
point peripheral to the nerve ending. 

Action of the Atropine Group o.n 
the Centr.vl Nervous System. Al- 
though the autonomic nervous system is 


customarily thought of in terms of periph- 
eral effects there is much evidence to 
show that the concept of levels of func- 
tion applies to this system as well as to 
the motor diidsion. In isolated organs 
effects can be produced by local applica- 
tion of specific autonomic drugs. Similar 
effects can be produced in intact animals, 
but segmental autonomic reflexes are 
well known and medullary centers are 
essential for regulation of the blood pres- 
sure. Heat regulation, primarily an auto- 
nomic function, is integrated at the level 
of the hypothalamus. Indeed, injection 
of acetylcholine (pituitrin, or pilocarpin; 
adrenalin produces no effect) directly into 
hypothalamus results in massive para- 
sympathetic discharges which can be 
blocked immediately by intraventricular 
injections of atropine (Henderson and 
Wilson,'*^ 1936; Cushing,*® 1932). Other 
more complex integrations take place at 
the striatal level. Cortical areas govern- 
ing autonomic function are found, gener- 
ally corresponding in localization to those 
areas influencing corresponding somatic 
motor functions. For example, lacrima- 
tion occurs from stimulating eye-fields; 
salivation on stimulating motor represen- 
tation of the face and tongue. The exact 
anatomic or chemical pathways through 
which these effects are mediated are not 
known. Heart rate, intestinal motility, 
sweating, conditional reflex salivation and 
psychic phase of gastric secretion are all 
known to be influenced by autonomic 
stimuli and also by cortical stimulation. 
The relationship that acetylcholine, and 
consequently atropine, might have in these 
central nervous system functions is not 
well understood at the present time. 

Atropine stimulates the medulla and 
higher cerebral centers. It is believed 
that the drug acts by direct irritant action 
and not by removal of inhibition. IMany 
people believe that this action on the 
central nervous system is the basis of 
the e.xtreme toxicity of atropine in human 
beings as compared with other animals, 
notably rodents. iMacht®® (1923) studied 
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the effect of different doses of atropine 
on the reactions of albino rats in a circular 
maze. He found that very small doses 
would affect ability in this situation, 
0.025 mg. stimulating and 0.05 mg. de- 
pressing their activity. The depressant 
dose of tropine was 5 mg., while tropic 
acid had no effect even in large doses. 
These results were obtained vnth rats: 
animals in which the lethal dose of atro- 
pine is relatively high and in which central 
nervous system effects are not prominent. 
On the other hand, psychic symptoms 
are among the most prominent .signs of 
atropine intoxication in man lending to 
many grotesque and unusual actions. 
The intra-arterially injected acetylcholine 
causes a discharge from the central ner- 
vous system of a decerebrate cat resulting 
in an increase in tone of the innervated 
quadriceps. This action is blocked by 
atropine (Calma and Wright,^- 1944). 

Methylatropine possiblj" by virtue of 
its methylated structure (Dyson, 1928) 
has equivalent peripheral action but little 
or none of atropine’s prominent central 
action. Mice are killed by respiratory 
paralysis vdthout any evidence of con^ml- 
sant action (Graham and Lazarus,*® 
1940). Nyman reports that Brown and 
Frazer'® (1869) found that the stimulat- 
ing effect of methylatropine (iodides and 
sulfates) had considerably less central 
action than equivalent doses of atropine. 
Erbe®' (190.3), in extensive clinical trials, 
failed to find evidences of central stimula- 
tion with therapeutic doses in man equiva- 
lent to those which had an action, when 
tested in a cat’s eye, as great as that of 
atropine. Issekutz*' (1917) found that 
methylnitrates of both homatropine and 
atropine has stronger anticholinergic ef- 
fects than the parent drugs and showed 
a marked curare effect but that the cen- 
tral effect was 30 to 50 times weaker. 
Solis-Cohen and Githens®* (1928) state 
that ingestion of 60 mg. of methyl- 
atropine nitrate by a man caused weak- 
ness. particularly of the legs, but no cere- 
bral symptoms. ^lonrad'' (1928) reports. 


however, nystagmus, restlessness and con- 
vulsions as among the toxic reactions to 
methyl-atropine nitrate in his series. 

Various belladonna derivatives have 
been used clinically for many years in 
paralysis agitans, athetosis and rigidity 
due to involvement of the extrap^Tamidal 
system and the basal ganglia. In general, 
little is understood as to their mechanism 
of action. Atropine is used for Parkin- 
sonian symptoms, but the prominent side 
effects are often produced before allevia- 
tion. Highest recorded daily dose of 
atropine in this condition is 54 mg. 
(Hall,'® 1937). No published results con- 
cerning methylatropine therapy in Parkin- 
sonism were found. 

Neither atropine nor methylatropine 
shows any regular action on the spinal 
cord. 

Therapeutically this means that methyl- 
atropine has less prominent psychic side 
actions, while maintaining a peripheral 
effect in equivalent doses. 

Action of the Atropine Group on 
THE Eye. Atropine causes paralysis of 
the sphincter muscle of the iris which 
dilates the pupil (mj’^driasis). It also par- 
alj'zes the ciliary muscle of the lens lead- 
ing to paralysis of accommodation (cyclo- 
plegia) and photophobia. The iris no 
longer responds to light and fails to react 
with convergence of the eyes. The para- 
sympathetic fibers from the tectal out- 
flow reach the eye via the third nerve and 
the ciliary ganglion and innervate the 
constrictor pupillie and the ciliary muscle, 
and form the efferent limbs of the light 
and accommodation reflexes. This reac- 
tion takes place by blocking the cholinergic 
nerve impulses and the action of acetyl- 
choline. Intraocular pressure remains es- 
sentially unchanged, unless it is already 
elevated as in glaucoma, when it is in- 
creased further with atropine. There is 
some debate as to the mode of action of 
atropine in increasing ocular pressure in 
such circumstances. It is probable that 
lymphatic drainage is still more seriously 
interfered with by the action of atropine 
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on the ciliary muscle, blocking free flow 
between the 2 chambers of the eye. 

Methylatropine was introduced clini- 
cally for mydriatic use by Lindenmeyer®^ 
(1903) and Goldberg®® (1903). Their stud- 
ies indicated that methylatropine pro- 
duced maximal mydriasis in 30 to 75 
minutes with final recovery in 40 to 72 
hours. It produced maximal cycloplegia 
in 2 to 14 hours with recovery in 37 hours. 
These results may be compared with the 
recent results of Wolf and Hodge^°® (1946), 
who tested the effect of methylatropine 
and comparable solutions of homatropine 
and atropine in the human eye. Instilled 
in equal amounts into human eyes, homa- 
tropine had less mydriatic and cycloplegic 
effect than either of the other 2 drugs, 
and recovery from its effects was the most 
rapid. 

Methylatropine nitrate had signifi- 
cantly less mydriatic action than atropine. 
The cycloplegic action was about the 
same as that of atropine. 

Ing, Dawes and Wajada®° (1945) report 
that mydriatic activity of methylatropine 
was 2. 88 times as strong as atropine when 
given intraperitoneally to mice but only 
half to equally as active with local appli- 
cation to the cat’s eye. They felt that 
activity of these alkaloids depends on the 
method of administration. 

Action of the Atropine Group on 
THE Respiratory Tract. Atropine in- 
hibits secretions of the nose, pharynx and 
bronchi, with resultant drying of mucous 
membrane. According to Henderson^® 
(1923) 0.2 mg. causes decrease in nasal 
secretion without dr^'ing of the mouth in 
a 65 kg. man. 

Elftman®® (1943) describes autonomic 
innervation of bronchial smooth muscle. 
Parasympathetic fibers are vagal, reach 
the bronchial tree from anterior and poste- 
rior pulmonary plc.xi and exert a tonic 
constrictor action: vagal section is fol- 
lowed by bronchodilatation. Stimulation 
of the peripheral end of a cut vagus pro- 
duces ipsilateral and contralateral constric- 
tion. In animals, constriction via vagus 


may be reflexly invoked by irritating the 
mucous membrane of the upper respiratory 
tract. 

Atropine also inhibits the smooth mus- 
cle of the bronchi and bronchioles, causing 
relaxation (Trendelenburg,®® 1912; Soll- 
mann and Gilbert,®^ 1937). These actions 
form the basis of a therapeutic use in 
asthma and catarrhal conditions and of 
its use preoperatively with morphine when 
anesthesia is given. 

No specific references to the actions of 
methylatropine on the respiratory system 
were discovered, but on the basis of the 
similarity of its other peripheral actions 
to those of atropine, it probably has a 
similar effect on the respiratory system. ■ 
Usener®® (1926) used dosages of 0.5 to 
0.75 mg. of methylatropine nitrate for 
asthmatics. 

Action of the Atropine Group on 
THE Heart. Ever since the Webers®^ (1845) 
showed the inhibitory action of the vagus 
on the heart, there has been physiologic 
debate as to the exact role that the vagus 
nerve plays in controlling the activities 
of the heart. Hence there has been a 
similar confusion over the exact role of 
atropine; the essential action on the heart 
is antivagal, despite some claims for direct 
action of heart muscle. It is now gener- 
ally believed that atropine alters the car- 
diac rate by stimulating medullary vagal 
centers in small doses of between 0.5 and 
1 mg. (Heinekamp,"'^ 1922; Gremels,®® 
1936). Recently accelerator fibers have 
been described in the vagus nerve of a 
dog (Rabat,®® 1939) which may e.xplain 
the initial slowing action of atropine. 
Atropine causes acceleration by blocking 
the vagal effect on the sino-auricular pace- 
maker in doses over 2 rag. (Crawford,” 
1923; Marris,®' 1916). These effects are 
most prominent in young adults who have 
a strong vagal element. White®® (1940) 
reports that the bradycardia resulting 
from stimulating the liypothalarnus in 
humans was abolished by atropine. He 
also obtained acceleration from stimulat- 
ing the posterior portion of the hypo- 
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thalamus. Atropine is sometimes used in 
Adams-Stokes syndrome to prevent vagal 
arrest. It will prevent the bradycardia 
caused by giving acetylcholine. Atropine 
is occasionally effective in heart block 
(Gilchrist,^ 1933). 

Issekutz®^ (1917) found that methyl- 
atropine acts about 8 times as strongly 
as atropine in depressing the vagus of the 
frog. Nyman’s^® (1942) results (Tables 1, 
2 and 3) working with atropine and other 
anticholinergic substances, demonstrate 
clearly that their effect on blood pressure, 
pulse rate and minute volume of the heart 
is most prominent in individuals with a 
strong vagal component. Atropine coun- 
teracts the peripheral vasodilatation and 
drop in blood pressure caused by acetyl- 


choline and mecholyl. In toxic concen- 
trations, however, it causes a drop in 
blood pressure because of central vaso- 
motor depression. Despite its general 
effect of counteracting the vasodilatation, 
as previously mentioned, in certain cuta- 
neous blush areas it causes vasodilatation 
perhaps by direct vascular effect. Methyl- 
atropine has been shown to influence the 
action exerted by adrenalin on the blood- 
vessels and has the power to cause paresis 
and ultimately complete paralysis of 
sympathetic motor termination in the ves- 
sels (Bergengren,^ 1925). Graham and 
Lazarus®* (1940) found that in rabbits 
0.05 mg. per kg. of methylatropine nitrate 
inhibited the bowel without affecting 
blood-pressure; however, 6 yg. of atropine 


Table 1. — Tee Effect of Athopine akd EEimoRiN on Pblse Rate 




Dose 

Dose 

Resting 

Maximum 

increase 

Subject 

Drug 

(mg.) 

p gn. 10 kg.* 

pulse 

(%) 

N, male 

Atropine 

0,S4 

too 

50 

20 


Methylatropine 

0.84 

100 

52 

73 

0, male 

Atropine 

0.72 

100 

5S 

28 


Methylatropine 

0.72 

100 

55 

73 

H, female 

Atropine 

0.65 

100 

85 

21 


Methylatropine 

0.65 

100 

84 

46 

P, female 

Atropine 

1.20 

200 

43 

114 


Methylatropine 

0.60 

100 

43 

175 


Table 2. — The Effect of Atropine and Ebmvdrin on the Oxygen Consumption, Blood 
Pressure, Pulse Rate and Minute Volume of the Heart in Human Beings 






Min. vol. of 


Dose Oi per mi. 

Pulse 

Blood 

heart 

Substance 

(mg. per kg.) per min. 

rate 

pressure 

(liters) 

Atropine 

0.02 




(before injection) 

239 

54 

129/90 

3.4 

30—40 min. 

242 

84 

136/96 

4 0 

60-70 min. 

246 

78 

140/98 

maximum increase 





(18%) 

Eumydrin 

0.02 




(before injection) 

236 

54 

122/83 

3.2 

30-40 min. 

236 

85 

137/92 

3.7 

60-70 min. 

222 

98 

143/93 

5 7 





maximum increase 





(78%) 

Table 3.— Changes in Skin Temperature Recorded With Thermocouple 


After Eumtdrin 





Temperature before injecUon 


Temperature after injection 

Location 

30 min. 20 min. 


20 rain. 

30 min. 


(0.1 mg. cumydrin/lO kg. body weight) 


Forehead 

. . 34 S°C So l-C 


3G.3°C 

36 3 C 

Right clieck 

. . 34.2 34 3 


36 8 

30 0 

Left cheek . 

. . 33.9 34.0 


30.7 

35 S 


0.2 mg. atropine caused responses of approximately the same magnitude when measured in t!ie 
arms and hands. 
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abolished the el?ect on the blood-pressure 
of 0.15 jjLg. of acetylcholine for an average 
9 minutes. Six ng. of methylatropine 
nitrate abolished the effect of 0.15 ng. of 
acetylcholine for over 19 minutes. They 
were impressed with the more lasting 
effect of methylatropine in depressing car- 
diovascular autonomic cholinergic fibers 

It will be seen here, likewise in man, 
that methylatropine nitrate has a more 
marked effect on the blood-pressure and 
minute volume of the heart than equiva- 
lent doses of atropine. 

Action of the Atropine Group on 
THE Salivary Glands. It has long been 
known that the atropine alkaloids de- 
crease salivarj'^ secretion. This antisia- 
logogic action is made use of in routine 
preoperative medication. Hedenheim^ 
(1872) demonstrated that stimulation of 
chorda tympani after atropine no longer 
produced secretion of saliva from the sub- 
lingual gland. Langley®® (1890) demon- 
strated that stimulation of the nerves 
leading to the parotid gland also did not 
produce salivation after atropine. Ewing*® 
(1911) demonstrated that atropine de- 
creased the quantity and composition of 
saliva. In greater doses, first the solids 
and then the amylolytic power of the 
saliva were reduced and that in the re- 
verse direction normal amylolytic power 
retui'ued first. It has been adequately 
demonstrated that whatever controls the 
secretory function, the effects produced 
are independent of those related to blood 
flow through the gland. The ability of 
these alkaloids to inhibit salivary secre- 
tion induced by pilocarpine has long been 
used as a method of testing the relative 
potencies. Issekutz®' (1917) who used 
20 mg. of pilocarpine in rabbits found 
that 0.5 mg. of methylatropine was as 
effective as 1.5 to 2.0 mg. of atropine, thus 
making the quaternary base 3 to 4 times 
stronger than the parent alkaloid. Cush- 
ny'® (1920) found that methylatropine 
(bromide) was ll times as strong as 
atropine in antagonizing pilocarpine in- 


duced salivation in dogs. Drugs were 
calculated as base. The dogs had fistulas 
in the submaxillar^”^ ducts, a standard 
technique of Cushny’s, fully described in 
the literature. He used meth^datropine 
bromide with a melting-point of 222° C. 
One-tenth mg. of atropine sulfate was 
weaker than 0.1 mg. of methylatropine 
but stronger than 0.05 mg. 

Bulbring and Dawes'^ (1945) found that 
methylatropine was more effective 
than atropine in antagonizing pilocarpine- 
induced secretion in dogs. Giving atro- 
pine an arbitrar^"^ value of 100, the lowest 
value obtained for methylatropine nitrate 
was 133, the highest was 250, the mean 
190+21. Nyman, in his extensive review 
of the atropine group, tested the effect 
of various drugs on pilocarpine-induced 
secretion in man. He found that in 7 con- 
secutive control experiments on a male 
subject, O, an average secretion of 
28.6+0.45 gm. of saliva in the 1st hour 
followed injection of 0.1 mg. of pilocarpine 
per 10 kg. body weight. Similar results 
were obtained in other individuals: 23.15 
gm.; 24.8+0..57 gm.; 33.7+0.81 gm.; 
30.65 gm. If subject O was given 0.05 mg. 
methylatropine nitrate (7 mg. per 10 kg. 
body weight) secretion was reduced to 
14.95 and 15.55, in 2 different trials. 

The following amounts of atropine sul- 
fate antagonized pilocarpine-induced se- 
cretion (1 mg. pilocarpine per 10 kg. body 
weight). In subject O, whose unantag- 
onized average secretion (given above) 
was 28.6 vith 0.1 mg. (14 (xg.) the secre- 
tion was reduced to 14.35. Dose of 0.2 
(28 fxg.) allowed secretion of only 9.7. 
Dose of 0.45 (63 jug.) allowed secretions 
of 1.95 and 1.3 gm. in 2 different trials. 
Dose of 0.5 (70 jug.) allowed secretion of 
0.55. .A dose of 0.6 mg. (84 fig.) com- 
pletely stopped secretion. Results with 
methylatropine nitrate in the same in- 
dividual were as follows: dose of 0.07 
(10 fig.) allowed secretion of 12.15; dose 
of 0.1 (17 fig.) reduced secretion to 5.25 
(35 Jig.) inhibited secretion completely. 
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Note that this dose is only one-third the 
dose of atropine required to obtain the 
same antisialogogue effeet. Similar re- 
sults were obtained uath 4 other indi^dd- 
uals. Nyman charted and compared the 
activity of 14 other alkaloids vdth that of 
atropine in this regard. 

Action of the Atropine • Group on 
THE Esophagus. Little information was 
discovered relating to the pharmacologic 
basis of the use of the atropine series in 
cases of cardiospasm. However, as early 
as 1881 Szpilman and Luchsinger®® showed 
that the spasm produced by vagal stimu- 
lation resulting in contraction of smooth 
muscle in the lower third of the esophagus 
was depressed by atropine. The striated 
muscle of the esophagus apparently is not 
under autonomic regulation and, therefore, 
not affected by atropine. With the recent 
establishment of vagotomy as a frequent 
operation in duodenal ulcer patients, it is 
probable that more information relative 
to vagal control of the esophagus in man 
wdll be obtained. 

Others believe that cardiospasm, pyloro- 
spasm and megacolon are results of sym- 
pathetic not paras\^mpathetic denervation 
and arise from the inability to relax rather 
than from spasm of the sphincters. It 
must be reiterated, however, that response 
of the entire gastro-intestinal tract to 
autonomic stimulants depends on the 
physiologic state of the organs and the 
organism, and that general conclusions 
as to the reactions are dangerous. 

Action of the Atropine Group on 
the Stomach. The work of Bastedo^ 
(1936) and his article on the value of 
atropine and belladonna in stomach dis- 
orders with its accompanying references 
summarize this problem as of 1 936. Here, 
too, much additional information will be 
gained on the vagal effects controlling 
the stomach from vagotomies. It has 
been thought since 1896 with the work of 
UshakofP' that very large floses of atro- 
pine in animals will lessen gastric secre- 
tion and lower the aciditj'. After vagus 


and splanchnic nerves have been severed, 
the stomach continues to function, fre- 
quently with little if any dilatation; 
therefore its tone and rhythmic motility 
must be intrinsic, and the extrinsic nerves 
may be only regulatory, thus giving a 
more delicate control. The vagi and 
splanchnic nerves are for the most part 
not motor antagonists. The general effect 
of vagal stimulation is tonic while that of 
splanchnic stimulation is tonic to the 
pylorus and relaxing to the stomach wall. 
But stimulation of either may result in 
increased tone when the stomach is hypo- 
tonic, and in decreased tone when the 
stomach is hypertonic. Because these 
nerves are not a balanced mechanism in 
control of the gastrointestinal tract, aboli- 
tion of one does not necessarily result in 
overacti^^ty of the antagonist. Atropine 
may act on all nervous structures but its 
most regular action is to render vagal 
stimuli ineffective. 

The effect of atropine on gastric secre- 
tion is best considered in relationship to 
the various phases of acti\'ity. Secretion 
occurring in the psychic phase was abol- 
ished by atropine in animals. Doses of 
grain reduce the amount of secretion 
in the psychic phase but does not abolish 
it in humans. It is quite possible that 
this physiologic atropine reaction is the 
basis of decreased appetite in humans fol- 
lowing atropine. There is some e\’idence 
that the intestinal phase of gastric secre- 
tion is partly mediated through the vagus 
in animals and that this effect may be 
abolished by atropine (Ivy,®- 1935). The 
effect of atropine on the chemical phase 
of gastric secretion has been the subject 
of much debate. Bastedo® believes that 
there is some reduction in free and total 
acid with section of the vagi, and with 
doses of atropine the equivalent of 
2 grains for humans, cats show a decrease 
in secretion as well as in acid and mucin 
content, but the secretion is not com- 
pletelj' abolished. Generally, patients 
tend to show a decrease in the volume of 
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secretion following atropine, without a 
corresponding decrease in acid. After a 
dose of 2 mg. of atropine sulfate (suffi- 
cient to produce dryness of the mouth, 
blurred vision, tachycardia and cerebral 
symptoms), the total volume was reduced, 
but a test breakfast of alcohol produced 
a normal amount of secretion. Large 
doses of atropine depressed the mucin 
content before affecting the acid content, 
a dangerous effect from a standpoint of 
ulcer patients in whom mucin has been 
shown to protect against irritation by acid. 

In summary, the enormous doses of 
atropine possible in experimental .animals 
may reduce and even abolish the secretion 
of gastric juice. In man the maximal 
therapeutic dose tends to reduce the 
psychic phase and possibly the intestinal 
phase of gastric secretion and thereby 
reduces the total secretion. It also tends 
to reduce the continuous interdigestive 
secretion for periods of 2 to 3 hours. In 
the chemical phase, doses large enough 
to cause toxic reaction may bring about a 
distinct reduction in the amount of secre- 
tion, though this is by no means a constant 
effect, and Avhen present is short lived. 
If atropine is to be used in this manner, 
the minimal dose having any effect on the 
stomach is 1 mg. subcutaneously. Bastedo 
considers any smaller doses merely homeo- 
pathic. 

N^unan studied this problem and was 
unable to show that methylatropine was 
any more effective than atropine in this 
regard. 

The Effect of the Atropine Group 
ON THE Pylorus. Schroeder®^ (1933) 
believes that the normal innervation of 
the pyloric sphincter is tonic, rhythmic 
relaxation following the beginning of the 
antrum contraction. Stimulation by adre- 
nalin inhibits antrum peristalsis and the 
rliythmic actJrity of the sphincter, but 
increases the rate of flow. Pilocarpine 
has the reverse effect. Atropine acts like 
adrenalin. Ephedrine as Avell as the vaso- 
pressor and oxytocic principles of the 


posterior pituitary lobe inhibit contrac- 
tion. Morphine causes increased antrum 
peristalsis and contraction of the sphinc- 
ter. Papaverine is more effective than 
atropine or posterior pituitary in antag- 
onizing this morphine effect. Bastedo® 
(1936) believes that pylorospasm may be 
either splanchnic-vagal or psychic in 
origin, and that atropine is only effective 
in those due to increased vagal tone. 

Treatment of Uypertrojjhic Pyloric Sten- 
osis. These properties have been em- 
ployed in the treatment of pylorospasm 
and infantile pyloric stenosis. White'®^ 
(1923) developed the concept that some 
of these infants have a fundamental auto- 
nomic unbalance which atropine and 
methylatropine may be used to correct. 
Others speak of these infants as being 
hypertonic. 

Effects of the Atropine Group on 
THE Small Intestine, Autonomic con- 
trol of the small intestine is essentially 
regulatory, and the intrinsic nerve net- 
works are of much greater importance in 
the usual physiologic state. Consequently 
there has been much confusion in the 
literature of the e.xact role played by atro- 
pine. Henderson and Roepke'”' (1937) 
feel that much of this arises from the 
undue weight given to the work of Mag- 
nus®" (190S), who claimed that atropine 
stimulated the bowel. Examination of 
his e.xperimental techniques revealed that 
his results are based on experiments with 
intestinal strips using concentrations of 
1:4000 in a medium which we now would 
regard as highly unphysiologic. The}' point 
to the work of Unger®® (1907) who showed 
that atropine produced a decrease in tone 
and movements in a concentration of 
1:2,000,000 and less. Comparison with 
doses long believed effective in man (1 to 
2 mg.) demonstrates that these doses 
probably lead to coneentrations of 
1 ; 70,000,000 if tlie atropine is distributed 
throughout the whole 60 kg. of body 
weight, or 1:5,000,000 if the atropine is 
distributed only in the blood. Toxic 
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doses for man range around 10 mg. Even 
here the concentration will be in the range 
of 1 ; 1,500,000. Thus the use of a 1:4000 
solution seems fantastic when attempting 
to describe the effects of therapeutic 
doses. 

In human beings an excellent study by 
Elsom and Drossner(^® (1939) tended to 
confirm the opinions long held by clini- 
cians. In the normal duodenum, intes- 
tinal tone is high and motor activity 
great. There are 2 types of waves; (a) 
large peristaltic waves occurring every 1 
to 2 minutes and lasting approximately 
1 minute; (b) superimposed on these are 
frequent small undulations produced by 
rhythmical contraction. Administration 
of rhr grain of atropine was followed in 
10 to 15 minutes by a gradual fall in 
intraduodenal tone. The large peristaltic 
contractions were altered simultaneously, 
often becoming more pronounced as the 
tone decreased, then gradually diminish- 
ing in size and frequency and eventually 
disappearing. The small rhythmical waves 
decreased in size, though not in frequency. 
The effect was fully developed at the end 
of 20 minutes and lasted for 1 to 2 hours, 
after which there was gradual recovery. 

The normal action of the jejunum and 
ileum consisted of small rhythmic undu- 
lations which were definitely decreased in 
tone and character following atropine. 
These results were obtained by means of 
a balloon inserted within the lumen of 
the gut of several human subjects. These 
results agree with those reported by 
Herrin'*® (1936) and White**** (1923) who 
maintain that gastro-enterospasm was a 
manifestation of autonomic unbalance in 
early infancy and was corrected by ad- 
ministration of atropine. 

There have been no e.xperimental stud- 
ies of the response of the gut in human 
beings using methylatropine other than 
those discussed in connection with pyloric 
stenosis. However, Handovski** (1929) 
tested the effect of methylatropine nitrate, 
atropine and papaverine on isolated strips 


of mouse intestine. He found that ap- 
proximately 2 cc. of 0 . 2 % solution of 
methylatropine hydrochloride would in- 
hibit contraction, whereas approximately 
6 cc. of 0.33 % solution of atropine sulfate 
was required to accomplish the same effect; 
2| cc. of papaverine hydrochloride (0.33 % 
solution) would also inhibit contraction. 
However, papaverine and methyl-atropine 
nitrate seem to have synergistic actions, 
so that only 0.8 cc. of an equal mixture 
of 0 . 43 % papaverine hydrochloride and 
0.007% solution of methyl atropine hydro- 
chloride were necessary to inhibit con- 
traction. Graham and Lazarus®® (1940) 
found that the spasmolytic powers of 
atropine and methyl-atropine nitrate were 
comparable; both drugs produced reduc- 
tion in tone and loss of segmental move- 
ments of the intestine of rabbits anes- 
thetized with ether. Both drugs antago- 
nize the neurogenic spasm inducted by 
eserine. The minimal effective concen- 
tration of both for rabbit jejunum was 
1 part in 10,000,000. There is a definite 
inhibition for 2 or 3 minutes with dilutions 
of 1:5000,000. Both drugs were without 
effect on spasm produced by _ barium 
chloride which is a myogenic stimulant. 
The range of sensitivity of rabbit intes- 
tine to these drugs was the same and de- 
pressed upper jejunum, duodenum, ileum 
and colon in that order. 

The Effect of the Atropine Group 
ON THE Colon. Doses of atropine between 
0.4 and 0.6 rag. decreased the tone and 
activity of the colon for I 5 to 2 hours, 
with gradual return to normal (Elsom 
and Drossner,=« 1939). Jackmann and 
Bargen^ (1938) stated that doses of 
0.0006 gm. produced definite depressing 
effects on colonic actirity but had marked 
side effects which made it undesirable for 
routine clinical use. 

Schroeder®* (1933) studied the effects of 
various drugs on the ileocecal valve and 
ileum. He believed that normally the 
sphincter undergoes tonic rh 3 'thinic^ re- 
laxation following the beginning of ilea! 
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peristalsis. Adrenalin inhibits peristalsis 
of the ileum and rhythmic activity of the 
valve but increases the rate of flow. 
Pilocarpine has the reverse effect. Atro- 
pine acts in the same manner as adrenalin. 

Other Effects of the Atropine 
Group on Smooth Muscle. Ureter. 
Atropine has an antispasmodic action on 
the ureter when it is in spasm and will 
decrease the increased tone resulting from 
morphine in man (Macht,®^ 1918). No 
reports were found dealing with the effect 
of methyl atropine on the ureter. 

Biliary Duct and Gall Bladder. The 
atropine group exerts a mild antispasmodic 
action and strong enough to counteract 
contractions induced by morphine. Both 
nitrites and xanthins were effective against 
morphine contractions (Lieb and Mc- 
Whorten,®^ 1915; Macht,®* 1917). 

Uterus. Actions of the atropine group 
are of little demonstrable effect on uterine 
contractions, despite its wide use clinically 
in dysmenorrhea (Novak,’'* 1915). They 
are, however, able to counteract such 
effects as are produced by acetylcholine 
and its derivatives. 

Urinary Bladder. The atropine group 
has a depressive effect on the detruseus 
muscle, especially when it is hypertonic 
(Edmunds and Roth,’®** 1920). MacCal- 
lum®°** (1906) reported that atropine had 
little effect on urine flow in rabbits but 
antagonized the depressant effect of pilo- 
carpine. (See also Featherstone, R. M., 
and White, N. G., J. Pharm. and Exp. 
Ther., 84, 105, 1945.) 

The Effect on Sweat Glands. What long 
seemed a paradoxical action of the atro- 
pine group in inhibiting sweating (glands 
known to be supplied by sympathetic 
ner\'cs) was cleared up with the discovery 
by Dale and Feldberg that acetylcholine 
was released by these nerve-endings, not- 
withstanding their anatomic relationships. 
Howe studied the effect of atropine in 
inhibiting sweating and found that atro- 
pine was capable of reducing the weight 
loss of infants due to insensible perspira- 


tion 22%, as measured with a Sauter 
balance. Methylatropine is believed to 
have equivalent effect. 

Effect on the Body Temperature. Even 
small doses of atropine frequently pro- 
duce fever without other evidence of 
toxicity. White*®® (1929) studied this 
phenomenon and stated that at least 10 % 
of the infants would develop fever of 
38° or more when given therapeutic 
doses of atropine. There has been much 
argument as to whether or not this is due 
to the depression of sweating, to increased 
restlessness or to a direct stimulation of 
a heat-regulating center in the central 
nervous system. It has been adequately 
demonstrated that the hypothalamus is 
intimately concerned with the mecham'sm 
of heat production and heat loss, and that 
the control can be influenced by drugs 
(Masserman,®® 1937, studying antip^Tetic 
drugs). Anterior hypothalamus lesions 
result in hyperthermia. 

Use of methylatropine clinically in hy- 
pertrophic pyloric stenosis has produced 
similar results. This probably should 
not be considered a toxic reaction and is 
not considered a contraindication for 
either drug. 

Action of the Atropine Group on 
THE Sympathetic System. Bussell**® 
(1940) reviews the role of atropine in rela- 
tion to adrenalin and the S 3 ™pathetic 
S 3 'stem. He cites the work of iMej'er®’® 
(1906) who discovered that strips of ox 
carotid in Ringer’s solution show no spon- 
taneous rhythm, but that the addition of 
6 A(g. of adrenalin would cause large con- 
tractions which were in turn decreased b.v 
half if 1.5 mg. of atropine were added 
along with the adrenalin. Bussell was 
able to demonstrate that this antagonism 
held in perfusion of the dog’s leg, the 
rabbit’s ear, the nictitating membrane of 
the cat’s e\’e, and the blood pressure of 
spinal cats. Atropine also caused dilata- 
tion of the spleen, of the small intestine 
and a fall in blood pressure in cats anes- 
thetized with ether: all sympathetic medi- 
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ated actions. Hyoscine showed no similar 
antagonism to adrenalin. The work of 
Bergengren'* (1925) indicates that methyl- 
atropine also possesses the ability to an- 
tagonize the effect of adrenalin on blood- 
vessels. Atropine has been shown to 
cause a partial paralysis of the cervical 
sympathetics in the rabbit’s ear perfusion 
experiment and of the cervical and tho- 
racic sympathetic in studies on cats. 
There is no similar antagonism between 
atropine and posterior pituitary extract. 
These actions of the atropine series on 
the sympathetic system are not too sur- 
prising, in view of its close chemical rela- 
tionship to cocaine which is a sympathetic 
blocking agent. 

Miscellaneous Effects of the Atro- 
pine Group. These drugs are reported to 
have some local analgesic effects similar 
to those of cocaine. Edsail and Means^'^ 
(1914) report that the basal metabolic 
rate and the respiratory quotient are not 
affected by these drugs. The figures of 
Nyman on oxygen consumption incidental 
to his studies on minute volume would 
tend to bear out this contention. Atropine 
as such does not affect the blood sugar 
level. The consensus seems to be that 
these drugs do not affect milk secretion 
but that a portion of the drug is excreted 
via the mammary gland in animals and 
women. It has been reported by 
Magaard^ (18S2) that lacrimation is 
decreased. Leukocj'tosis has been re- 
ported in children after atropine. The 
voluntary muscles of mammals are not 
affected in concentrations that have been 
tested to date. 

Bodily jSIechanisms for Handling 
Atropine in Various Species. Atropine 
is absorbed rapidly from the gastro-intes- 
tinal tract and also disappears from the 
peripheral blood within a short while. 
Approximately one-third of the ingested 
dose may be recovered in the urine 
14 hours afterwards. In man the balance 
is probably destroyed by hydrolysis to 
tropine and tropic acid in the liver. 


Traces are detectable in other secretions 
including milk and sweat. These drugs 
readily cross the placental barrier. 

Some animals possess enzymes capable 
of hydrolyzing atropine in the serum, 
brain, kidney and possibly other tissues 
in addition to the liver. The rabbit, an 
animal which is able to eat belladonna 
leaves without evidence of toxicity and 
is extremely resistant to atropine poison- 
ing, has a high concentration of atropine 
esterase in its serum. Comparative stud- 
ies of various tissues by Bernheim and 
Bernheim® (1938) demonstrated atropine 
esterase activity in the rabbit liver and 
serum; guinea pig liver also h3'^drolyzed 
atropine and homatropine rapidly. The 
livers of the cat, rat and dog were able to 
hydrolyze these drugs slowly. There was 
no such activity in the kidney, brain or 
serum of the cat, rat, dog or guinea pig. 
Human serum was also inactive. This 
enzyme is not identical with choline ester- 
ase or the esterase of simple acids such 
as acetate. Ethylmandalate is hydrolyzed 
by tissues which do not hydrolyze homa- 
tropine. In all tissues tested homatropine 
was destroyed more rapidly than atropine. 
(This problem is discussed in detail bj' 
Bernheim,® 1942.) 

The studies of Pilcher’’ (1934) on 
atropine tolerance in infants and the 
studies of Schlossmann®® (1937) on the 
relationship between age and the action 
of atropine do not establish this effect as 
directlj' attributable to differences in the 
esterases. Schlossmann comments upon 
the fact that infants generallj'- show' fewer 
central nervous sj'stem sjTnptoms, more 
marked narcotic effect and unexplainable 
variations in resistance to these drugs. 
There seems to be no clinical basis for 
such differences. Lindberg®® (1925) de- 
scribes his experiences with the action of 
atropine in 100 infants. One infant was 
given a dose of G mg. without harm at 
the age of 8 months. There were strong 
vasomotor reactions in health^' infants 
and the production of fever even in small 
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doses. Definite tranquilization is pro- 
duced by atropine in nervous infants. 

Experimentally, rabbits of different 
ages were injected with atropine sulfate 
intraperitoneally. The LD50 for rabbits 
under 1 month of age was 0.225 gra. per kg. 
body weight; that for rabbits over 1 month 
of age was 0.35 gm. per kg. Rabbits of 
different ages showed different effects from 
poisoning. Thus, in the 1st week of life 
their response to toxic doses was central 
nervous system paralysis. From the 2nd 
to 4th week in life, clonic and tonic con- 
vulsions were the prominent symptoms 
with poisoning. Thus, in the first week of 
life their response to toxic doses was cen- 
tral nervous system paralysis. From the 
second to fourth week in life, clonic and 
tonic convulsions were the prominent 
symptoms with poisoning. Older rabbits 
showed an increase in heart rate and re- 
spiratory rate folloAved by respiratory 
paralysis. 

The Toxicity of Methylatropine. 
As might be e.xpected, the toxic reactions 
to methylatropine nitrate (eumydrin, me- 
tropine) are similar in type to those of 
atropine from which it is derived. Re- 
ports both as to its clinical and its experi- 
mental toxicity vary. For example, it 
has been quoted and requoted in the 
literature that eumydrin is one-fiftieth as 
toxic as atropine (see Sollman, Manual of 
Pharmacology, 1942), apparently on the 
basis of Brown and Frazer’s work,^® in 
1869, which was on methylatropine iodide 
(not nitrate) and on unpublished experi- 
ments done by Paul Drucker of Rigs- 
hospital, Copenhagen, Denmark, in 1927. 
Usenet®- (1926) quotes Dresser without 
reference as follows: Lethal dose of atro- 
pine 0.1 mg. per kg. in adults; 0.01 mg. 
per kg. for children; in animals (species 
not specified) eumydrin was lethal in doses 
of 0.1 gra. per kg. Kostin (also cited 
without reference) says that 0.15 gin. per 
kg. of eumydrin produced death without 
coimilsion (differing from atropine) by 
paralysis (similar to curare) in rabbits. 


Experiments by Graham and Lazarus^® 
(1940) indicate, on the basis of intraperi- 
toneal injections of white mice, that 
eumydrin is 3 times as toxic as atropine. 
The LD50 of methylatropine nitrate is 
0.11 gm. per kg. body weight, while the 
LD50 of atropine is 0.32 gm. per kg. 
body weight. They quote Willberg’s 
figure’®® (1914) for atropine in the mouse, 
LD50 of 0.3 to 0.4 gm. per kg. body 
weight, as tending to confirm their result. 
Fromherz®® (1937) gives the following re- 
sults for atropine : lethal doses of atropine 
in gm. per kg. body weight for the mouse, 
subcutaneously 0.55 gm., intravenously 
0.07 gm., orally 0.4 gm.; for the frog, 
subcutaneously 1.25 gm.; for the rabbit, 
subcutaneously 0.5 gm., intravenouslj'^ 
0.05; for the cat, subcutaneously 0.13 gm. 
He compares and comments on the varia- 
bility of toxicity in various species, par- 
ticularly the resistance of rodents to 
atropine. In man, atropine kills by its 
effect on the central nervous system and 
is 100 to 500 times as to.xic as it is in 
rodents. 

Dyson®® (1928) argues that the effective- 
ness of eumydrin is due to the fact that 
as a dimethyl quarternary ammonium salt, 
it diverts the action from the rest of tlie 
nervous system to the peripheral nerve 
endings. This may partly explain the 
divergent opinion of tlie toxicity of this 
drug. Studies of Ing, Dawes and Wajada®® 
(1945) on the relative potency per mole- 
cule in inydriatics showed eumydrin to 
be 2.22 times as active as atropine in 
producing mydriasis in the mouse after 
intraperitoneal injection, but only I to 

1 time as effective when applied locally 
to the cat’s eye. This difference in 
mydriatic activity is of the same magni- 
tude as the difference in toxicity of the 

2 drugs for the mouse as described by 
Graham and Lazarus®® (1940). Death 
from eumydrin in the Graham e.xperi- 
raents was by general paresis and respira- 
tory failure following an initial increase 
in respiratory rate. Xo con\'ulsions were 
observed. 
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Ing et al.^° argue that the effect of these 
alkaloids depends on the method of ad- 
ministration. They drew the conclusion 
that the quarternary methyl salts of the 
alkaloids (eumydrin) are more active than 
corresponding tertiary bases (atropine), 
but that onium salts penetrate all mem- 
branes more slowly than tertiary bases, 
which exist not only as salt cations but 
also as free base. The effect of age, the 
role of neutralizing agents in the serum, 
and optical isomerism (eumydrin is race- 
mic) have not been specifically studied 
as they ha\"e been for atropine (Pilcher, 
1934; Schlossman,®” 1937; Cushny,*® 1920; 
and others). 

Clinically, methjdafropine nitrate has 
been given to infants with h^’pertrophic 
pyloric stenosis over periods of weeks 
with only occasional tonic reactions. 
Lindberg’s"’ (1925) studies on the elimina- 
tion of atropine probably should hold 
fairly well for eumydrin. Most of the 
drug is eliminated in the urine, and the 
state of hydration, or rather dehydration, 
was a factor in practically all toxic reac- 
tions reported. ‘One death with hyper- 
pyrexia was reported by Friedlander®* 
(1934) and was attributed to idiosyncrasy. 
Monrad'^ (1928), using a relatively large 
dose of 3.5 mg. per day, had 9 to.xic reac- 
tions in 64 cases, consisting of nystagmus, 
dilated pupils, fever, flushing, restlessness, 
and compulsions.’ Wallgren®^ (1940) de- 
scribed a flushing of the face as a reliable 
sign of early toxicity when using alcohol 
eumydrin applied to the tongue. Mac- 
kay*^ (1941) felt that abdominal disten- 
tion was an important to.xic sign and 
should be watched for. Fifteen of her 
40 cases showed mild reactions with doses 
under 3 mg. per day. Reactions consisted 
of slight fever, rapid pulse, increased 
respiration rate, dryness of the mouth, 
bright red flush and dilated pupils. 
Vcrtue'” (1939) reported no to.xic symp- 
toms in 21 cases, using doses of 1.25 mg. 
j)cr day for 11 weeks. One of Dobbs’-' 
(1939) 20 cases showed flushing when 


getting 4 mg. per day. Braithwaite® 
(1938) and Findlajp®“ (1938) discuss 27 
cases without evidence of toxicity in 
dosages of about 3.0 mg. per day. Svens- 
gaard®® (1935) reports only a few transient 
reactions as evidenced by clear flaming 
red skin and a fever of 38° while 
treating 61 cases with an average dose of 
1.75 mg. per day of eumydrin. All reac- 
tions, except the death reported by 
Friedlander®' (1934), were transient and 
cleared up when drug was omitted for a 
short time. 

Relation of Dosage to Activitv. 
What then are effective doses of atropine? 
Henderson^® (1923) gives some pertinent 
information on this point. He studied 
the sensiti\dt 3 p of various nerve endings 
to atropine and found that the endings 
(response) of the bulbosacral autonomic 
outflow are rendered ineffective in the 
following order: cardiac vagus, chorda 
secretor, chorda vasodilators, intestinal 
vagus and bladder. Thejp are depressed 
in the following order in a 10 kg. dog: 
(1) 0.1 mg. depressed the chorda secretor 
from 15 to 10 drops of saliva. (2) 0.2 mg. 
rendered the cardiac vagus less effective 
and 0.5 mg. eliminated vagus activity with 
a consequent increase in heart rate. (3) 
0.1 to 0.2 mg. caused a distinct decrease 
in the tone of the pjdorus and small intes- 
tine. (4) 0.2 mg. caused a decrease in 
bladder tone while 0.3 eliminated bladder 
tone due to vagus. (5) 0.5 mg. dilated 
the pupil but it was still reactive to lignt 
and convergence; maximum dilatation 
was secured with 0.6 mg. (6) 0.7 mg. 
caused a slight decrease in blood flow 
from the salivarj’ gland on chorda stimu- 
lation as compared with before atropine. 
(7) With 30 mg., vagus stimulation pro- 
duced little if an^’ increase in the rhythmic 
movements of the small intestine while 
peristalsis was slight or absent. (8) Doses 
of 100 mg. caused no decrease in the iso- 
tonic or isometric contractions of the 
bladder on sacral stimulation. 

Doses of atropine in a 65 kg. man pro- 
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duced the following effects: 0.2 mg. 
caused a decrease in nasal secretion; 
0.3 mg. caused dryness of the mouth and 
relieved griping from constipation; the 
pupil was not affected. A dose of 2 mg. 
caused an increase in heart rate to 150 
and dilatation of the pupil. Methyl- 
atropine is described as having equivalent 
peripheral effects or possibly stronger 
curare-iike activity than atropine. Yet 
as with any drug, the effective dose is the 
dose necessary to produce the desired 
therapeutic effect. These drugs can only 
depress or increase the normal activities 
of various susceptible cells. The clinical 
impression of a great variability in the 
response that various individuals show to 
these drugs is amply confirmed in the 
wide variability found in the laboratory 
by the pharmacologists. 

Summary, 1. The chemical structure, 
pharmacologic actions, toxicity and thera- 
peutic uses of atropine, methyl atropine 
nitrate and related compounds are dis- 
cussed. 

2. The most marked difference between 
the 2 first-named compounds is in their 
effects on the central nervous system. 
Atropine produces marked psychic side 
effects even in the usual therapeutic range 
of dosages, whereas methyl atropine does 
not. Death from atropine is preceded by 
convulsions. Death from methyl atropine 
is due to paralysis and failure of respiration 
without convulsions. 

3. The peripheral actions of the 2 com- 
pounds are apparently similar, but the 


responses vary with the route of adminis- 
tration. Methylatropine has the weaker 
action in equivalent doses when applied 
topically as in ophthalmic use. Appar- 
ently, oral potency is approximately equal, 
although some investigators state that 
atropine is 3 or 4 times stronger. Paren- 
tcrally methylatropine is probably some- 
what stronger than atropine. 

4. The essential action of both com- 
pounds is antivagal and they apparently 
prevent effector cells from reacting to 
acetylcholine. 

5. The compounds are discussed in 
some detail in relation to each system of 
the holy as follows; eye, respiratory 
tract, heart, salivary gland, esophagus, 
stomach, pylorus, small intestine, colon, 
smooth muscle, biliary duct tract, gall 
bladder, uterus, urinary bladder, sweat 
glands, and sympathetic nervous system. 

6. The animal body probably detoxifies 
these compounds by liA'drolysis to tropine 
and tropic acid. The existence of atropine 
esterases has been confirmed in many 
animal tissues. This enzyme may be 
unable to act on methylatropine. 

7. It has long been repeated that 
methylatropine is only one-fiftieth as toxic 
as atropine. By intraperitoneal injection 
recent e.xperimental evidence shows it to 
be 3 times as to.xic for white mire as is 
atropine. 

S. The principal clinical use to date of 
methylatropine has been in hypertrophic 
pyloric stenosis and in infantile pj'lorie 
spasms. 
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Histopathologic Technic. By R. D. 

Lillie, M.D., Medical Director, U. S. 

Public Health Service. Pp. 300. Phila.: 

Blakiston, 1948. Price, S4.75. 

This book should prove of value to all 
who are concerned with the preparation of 
tissue sections. The author admittedly 
does not attempt to present an encyclopedia 
of tissue technique, but rather is concerned 
with what in his opinion are the best meth- 
ods for each particular purpose. The book 
is conveniently arranged so that stains for 
the various histologic structures are grouped 
together. In addition to the standard pro- 
cedures given in most other books on the 
subject, there are excellent chapters on the 
staining of enzymes and pigments. These 
and many other special techniques, which 
are frequently neglected in laboratory manu- 
als, are readily available in this book. 

A. R. 


Sexual Behavior in the Hujian Male. 
By Alfred G. Kinsey, Prof, of Zoology, 
Wardell B. Pomeroy, Research Assoc., 
and Clyde E. Martin, Research Assoc., 
Indiana Univ. Pp. 804. Phila.: W. B. 
Saunders, 1948. Price, 86.50. 

This book is one of the most important 
recent contributions to the study and 
understanding of the fundamental biologic 
problem of sex in man. Sexual histories of 
5300 males have been thoroughly analyzed, 
and are objective!}" and statistically evalu- 
ated. This male group represents a verj" 
adequate cross-section of our male popula- 
tion, as it includes large numbers from 
nearly all educational and social levels. The 
text includes brief reviews of results of other 
workers in this field, a study of tlie statisti- 
cal methods used, and teclmiques involved 
in obtaining an adequate sexual histor}*. 
Variations in sexual activity with social and 
educational classes, age and religious back- 
ground are correlated and explained. Prac- 
ticall}* all possible sources of sexual outlet 
arc considered with respect to incidence in 
various groups, techniques and social im- 
plications. 

The problem of male sexual belmdor has 


been soundly and keenly attacked from all 
angles; the results obtained — unbiased and • 
objective statistics — are verj" instructive and 
occasionally revelational. I. Z. 


The Pathology of Traumatic Injury. A 
General Review. B}" James V. Wilson, 
M.D., M.R.C.P. (Lond.), Pathologist to 
Harrogate and District General and Royal 
Bath Hosps., D.A.D.P., Malta Command, 
1940-1943. Pp. 192; 61 ills. Balt, and 
London: Williams & Wilkins, 1946. Price, 
86 . 00 . 

This small volume is based on the author's 
experience with the Royal Army hledical 
Corps in the Second World War. Intended 
as a general review, it aims to "mention 
progress and at the same time outline diffi- 
culties and problems awaiting urgent solu- 
tion, to deal vdth essentials rather than give 
a mass of irrelevant facts.” 

Though written abroad, under difficulties, 
and drawing its material chiefl}" from the 
traumata incident to modem war, the book 
for the most part achieves its goals. Best 
covered are the effects of blast, the redis- 
covered "crush sjmdrome” and the increas- 
ingl}" recognized embolism of fat. There is a 
chapter on burns, but effects of war gases 
and atomic weapons are not considered. A 
modest number of references up to 1946 
serve as a basis for modern ideas. 

The predominantly surgical viewpoint, 
with many pages of adwce on diagnosis and 
treatment, is distracting in a book with this 
title. The surgeon’s inferences on therapj* 
may be quite different from those of the 
pathologist, who is not responsible for the 
care of injured patients. It is hoped this 
point will be given consideration in a later 
edition. C. B. 


Nucleic Acid. Symposia of the Society 
FOR Experimental Biology. No. I. 
Edited by J. F. Danielli and R. Brown. 
Pp. 290; IS ills. Cambridge, at the Uni- 
versityPress-' New York: iMacmillan, 1947. 
Price, 8S.50, 



594 


BOOK REATEWS AND NOTICES 


This book is a collection of papers read at 
a symposium in Juty, 1946. The various 
experimental approaches to the studj'^ of 
nucleic acids are considered and e%'aluated 
by such eminent workers as DanieUi, Cas- 
persson, Bracket, Darlington, GuUand, and 
many others. The biochemical structure and 
methods of synthesis of nucleis acids and 
their purine derivatives are thoroughly re- 
viewed. The various histochemical tech- 
niques used for the identification of nucleic 
acids are described and criticized in detail. 
Among other studies of nucleoproteins are 
included histochemical obsen'ations on 
tumor tissue, the relationship of nucleo- 
protein metabolism to nerve function, x-ray 
studies and effects, and the function of 
nucleoprotein in the cell nucleus. Most of 
the papers treat comprehensively one or 
several aspects of nucleoprotein studj' and 
the results achieved. IGiowledge of nucleo- 
proteins is thus effectively concentrated in 
this excellent text. I. Z. 


Disease of the Nose, Thboat and Ear. By 
William Lincoln Ballenger, M.D., F.A. 
C.S., Late Prof., Univ. of Illinois School of 
Medicine, and Howard Charles Balleng- 
ER, B.S., M.D., F.A.C.S., Assoc. Prof, of 
OtolarjTigology, Northwestern Univ. School 
of Medicine. Assisted by John Jacob 
Ballenger, B.S., M.D. 9th ed. Pp. 993; 
597 ills.; 16 plates. Pliila.: Lee & Febiger, 
1947. Price, $12.50. 

The latest re\Tsion of this standard work 
brings tlie text and illustrations up to date. 
New chapters dealing wtli headache, neu- 
ralgias of the face and head, and rhinoplasdc 
surgery have been added. Authoritative re- 
visions of tlie section on bronchoscopy, laryn- 
goscopy, esophagoscopy and gastroscopy have 
been carried out by Gabriel Tucker and C. L. 
Jackson, while those on tlie physiology and 
functional tests of the lab)’rinth and inflam- 
matory diseases of the labyrinth were con- 
tributed by Alfred Lewy. 

Embracing tlie entire field of otolaryngolo- 
g}-, tlie book employs the orthodox method 
of approaching each disease by first presenting 
tlie fundamental anatomical, physiological 
and patliological considerations, and then 
discussing ctiologi,', ^•mptoms, diagnosis and 
treatment. The tlicrapeutic suggestions are 
those wliicli meet the add tests of time and 
practice. Tlie autliors have appreciated the 


instruction value of illustrating the instru- 
mentarium for various surgical procedures. 

Controversial subjects have been avoided. 
A frank discussion of a few of tliese, such 
as the present role of vitamin therapy in oto- 
laryngology, might have been profitably in- 
troduced as a guide to students and general 
practitioners. Most of tlie bibliographical 
references are arranged at the foot of the 
page so as to be readily accessible. The value 
of a reference volume of tliis scope and mag- 
nitude, however, would be enhanced by a 
more complete bibhography. 

This work, botli comprehensive and con- 
densed, continues to be a leader in its field 
and invaluable to the medical student, the 
general practitioner and tlie otolargyngolo- 
gist. H. S. 


Unipolar Lead Electrocardiography. By 
Emanuel Goldbercer, B.S., M.D., Clinical 
Lecturer in Medicine, Columbia University, 
Faculty of Medicine. Pp. 182; 88 ills. 
Phila.: Lea & Febiger, 1947. Price, $4.00. 
This monograph is the result of several 
years’ study to determine the practicability 
of routine clinical use of unipolar leads and 
die correlation of unipolar extremity leads, 
precordial leads and the standard leads. The 
author is well qualified by training and expe- 
rience to present this subject. The approach 
to die interpretation of the electrocardiogram 
is made in terms of basic unipolar lead pat- 
terns, rather than standard limb lead patterns, 
as is the rule in most texts. 

The theoretical considerations of die clini- 
cal use of unipolar leads are based largely 
on die Einthoven triangle theory. The author 
advocates the routine use of 6 unipolar pre- 
cordial leads, 3 unipolar extremity leads (or 
“augmented” unipolar extremity leads), and 
the usual limb leads. Special emphasis is 
placed on the variations in die unipolar ex- 
tremity leads and standard limb leads which 
occur with changes in position of die heart. 
The author believes that die use of unipolar 
leads is of particular advantage in the fol- 
lowing conditions: "Tlie interpretation of a.\is 
dextiation; die diagnosis of Q wave abnor- 
malities, especially Q3 waves; the differen- 
tiation of pulmonary emboh'sm and posterior 
infarction; the diagnosis of small or multiple 
infarcts; the differentiation of bundle branch 
block; the diagnosis of right ventricle hj'pcr- 
trophy, and the interpretation of abnonnali- 
lies of the RS-T segments and T waves. 
Ewdence is offered in support of the au- 
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thor’s tlieses, and the illustrations are ade- 
quate and clear. (Incidentally, an error was 
noted in tlie correlation of tlie text wth Figiu-e 
41B.) The tlieoretical aspects of the subject 
are presented in a manner that can be grasped 
by the average physician. Some of the inter- 
pretations of patterns obtained from ventricu- 
lar hypertrophy vvitli variations in the position 
(and rotation) of tlie heart may be questioned 
by otlier authorities. The last word has not 
been spoken on many phases of tlie subject, 
and one must agree with the author when 
he says “the sigriificance of many electrocar- 
diographic changes is still obscure, even in the 
unipolar leads.” The monograph is a distinct 
contribution to tlie field of electrocardiography 
and should be read ivith interest and profit 
by all cardiologists and internists. J. V. 


Office Theatment of the Eye. By Elias 
Selinger, M.D., Attending Ophthalmolo- 
gist, Mount Sinai, Cook County and Michael 
Reese Hosps. Pp. 542; 67 ills. Chicago; 
Year Book Publishers, 1947. Price, $7.75. 
This book is a very practical handbook of 
treatment intended for practicing optliahnolo- 
gists. There are excellent sections on the gen- 
eral aspects of chemotlierapy, errors of re- 
fraction and tlie usual diseases of the eye 
and its adnexa. It is pleasing to see that where 
modem treatment has effectively replaced 
older procedures, tliis book recognizes tlie fact 
by omitting them. The illustrations are e.v- 
cellent. F. A. 


400 Yeahs of a Doctor’s Life. Collected and 
Arranged by George Rosen, M.D., and 
Beate Caspari-Rosen, M.D. Pp. 429. 
New York: Henry Schuman, 1947. Price, 
$5.00. 

The authors hai’e achieved an interesting 
e.xperiment in biograplucal montage. For tliis 
antliolog}' of tlie arc and the stations of the 
ph}'sician's existence, the)' drew on “more 
than eighty personalities (four of tliem wom- 
en) who hai’e made significant contributions 
to tlie literature of medical autobiography.” 

The organization of tlie te.\'t is unique. 
Under a dozen such headings as Early Y'ears; 
Scientist; Scholar; Teacher; The Doctor as 
Patient; The Doctor Goes to War; Writing 
and Politics, the autliors collate from several 
different sources what each of die person.'di- 
ties had ii-rillcn on the particular score. Tliis 
arrangement affords us Uie memories of their 


early years, as reported by such divergent au- 
tliors as Daniel Drake, Havelock Ellis and 
Santiago Ramon y Cajal, and tlie reflections 
on life and death of the 21 year old Virchow, 
tile despairing Horace Wells, tlie life-ivise 
Walter Cannon, and the stoical Hans Zins- 
ser, 

The effect of such collations is at times 
puzzling and provocative, but always interest- 
ing. The one conviction tiiat emerges is that 
there is no medical prototype, no “homo 
medicus.” Physicians differ in origins, in con- 
stitutional and personality types, in experi- 
ences, and in all else, as ividely and as ardi- 
cally as do all men in all things. Save perhaps 
for their devotion to their profession, there 
is no distinguishing common denominator 
among doctors. The sum of tlie personal ex- 
periences of the “eighty personalities” ab- 
stracted in the Rosen antliology does not, to 
this reviewer’s mind, yield a "composite auto- 
biography of The Doctor”. 

But tile Rosen anthology )'ields more real 
and more valuable assets. It provides good 
reading, both in tlie biographical notes which 
precede each citation, and in the citations 
selected. It provides good sampling, to in- 
form and to sharpen one’s interest in distin- 
guished men and women who have served 
in the most humane and compassionate of 
professions. It is a fine volume for random 
reading, and a fine guide to tlie best in medi- 
cal autobiography. I. G. 


Blood Derivatives and Substitutes. By 
Charles Stanley Wihte, M.D., Sc.D., 
Fonner Prof, of Surgery, George Washing- 
ton Univ. School of Medicine, and Jacob Jo- 
seph Weinstein, B.S., M.D., Assoc, in Sur- 
gery. Pp. 484; 190 ills. Balt.: Williams & 
Wilkins, 1947. Price, $7.50. 

The title of tliis book of 15 chapters amply 
summarizes tlie scope of the contents. Fol- 
lowing an introductor)' liistorical chapter, 
some aspects of tlie chemistry and physiology 
of plasma are presented, with much of tlie 
space given to commonly employed laboratoty 
metiiods. Chapters dealing with preparation, 
storage and administration of plasma, plasma 
fractions and by-products, whole blood and 
substitutes, are complete in details and gen- 
erously illustrated. Tlie last tiiird of tlie 
book dc.als with tlie etiolog)' and treatment of 
shock, and the results of plasma tiierapv. 
Hirougliout the book points of clinical inter- 
est are usually illustrated witii case reports. 
Most of tiie facts required for operating a 
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blood and plasma bank and the principles nec- 
essary for their inteUigent use are to be found. 
One questions, however, the need for including 
laboratory procedures which may be found in 
any book of laboratory technique. A serious 
deficiency is the absence of an adequate treat- 
ment of blood groups and the Rh factor. 
Under the heading of “Infectious Javmdice” 
reports on the apparent transmission of jaim- 
dice by blood or plasnoia are cited (p. 463), 
but the importance of homologous serum 
jaundice has apparently escaped the authors 
since they do not discuss the desirability of 
using unpooled plasma. R. N. 


Infant Nutrition. By P.C. Jeans, A.B., M.D., 
Prof, of Pediatrics, College of Medicine, 
State Univ. of Iowa, and Williams McKim, 
Marriott, B.S., M.D., Late Prof, of Ped- 
iatrics, Washington Univ. School of Medi- 
cine. 4tli ed. Pp. 495; 36 ills. St. Louis: 
C. M. Mosby, 1947. Price, $6.50. 

This te.xt contains in very readable form 
a good combination of fundamental nutrition- 
al information together with many practical 
points for die application of such i^ormadon. 
The facts have been brought up to date and 
are presented in a thoroughly sound and ef- 
fective way. K. E. 


Internal Medicine in General Practice. By 
Robert Pratt McCombs, B.S., M.D., F.A. 
C.P., Asst. Prof, of Medicine, Tufts College 
Medical School, etc. 2nd ed. Pp. 741; 122 
ills. Phila., and London: W. B. Saunders, 
1947. Price, $8.00. 

The author has attempted to present a short, 
practic.al book on internal medicine for the 
general practitioner, stressing particularly 
mediods of diagnosis. Tliis edition contains 
much useful information in die form of tables 
of differential diagnosis and indicadons for 
and techniques of important diagnosdc aids. 
It is up to date and embodies a thorough and 
thoughtful approach to the problems of in- 
ternal ipedicine. Many practical liints are 
scattered dirougliout. The arrangement of the 
material is good and the amount of space 
allotted to the various diseases corresponds 
more ne.arly to their incidence in practice 
than in the usual te-xt book of medicine. 

Turning to shortcomings, in a few instances, 
sucli as the use of digitalis in congestive heart 
Lailure, die methods of administration of a 
drug arc not specific enough. In some diseases. 


such as ulcerative colitis and glomerulone- 
phritis, not enough information as to the 
clinical course is given to permit intelligent 
management. 

In general, however, tiiis revised book 
should prove a useful addition to the Rbrary 
of die practitioner of general medicine for 
whom it was intended. It also has much to 
recommend it as a book for the fourth year 
medical student or intern. A. R. 


Handbook of Psychiatry. By William Over- 
HOLSER, M.D., Prof, of Psychiatry, George 
Washington Univ., and Winifred V. Rich- 
mond, M.D., Late Chief, Department of 
Psychology, St. Elizabeth’s Hosp. Pp. 252. 
Pliila.: J. B. Lippincott, 1947. Price, $4.00. 
Psychology and psychiatry are interwo- 
ven in diis book in a refreshing and sincere 
manner. The audiors have put the various 
types of human behavior and motive into 
terms comprehensible by the average college 
student, meanwhile accomplishing a hitherto 
unattempted correlation of the several “schools 
of thought” of psychiatry ivith psychology, 
general medicine, and allied sciences. 

The chief source of clinical material was 
St. Elizabeth’s Hospital, which has actively 
treated patients from all of the United States 
and its possessions. This wealth of clinical 
material comes into the te.\t in the form of 
abstracts of case histories, skillfully prepared 
and selected. 

While the book as a whole is outstanding, 
the chapters dealing with the modem mental 
hospital, mental aberrations of war, forensic 
psychiatry', child psychiatry and “psychiatry' 
and tlie lay'man” are especially recommended. 
The fourth chapter, dealing \vitli mental de- 
ficiency', despite confusing use of terminology, 
is unparalleled in similar texts. 

The authors acknowledge tliat crusading lay- 
men, followng the example of Dorothea 
Lynch Dix, to whom this book is dedicated, 
were largely' responsible for and should be 
credited with much of the early advances 
in the field of psy'chiatry'. .They hope tliat “in 
the campaign for tlie dev'elopment of better 
human beings, for raising the level of our 
human resources” psychiatrists may depend 
upon the backing of a body of informed pub- 
lic opinion, without which psy'chiatrists would 
be “as helpless as a general xrithout an 
army.'’ 

There is an excellent bibliography. 

E. B. 
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NEW BOOKS 

The Svlfommides and Allied Compounds. By 
Eimoke H. Noethet, Ph.D., American 
Chemical Monograph Series. Pp. 660. 
New York: Keinhold, 1948. Price, S12.50. 

Occupational Medicine and Industrial Hy- 
giene. By Ruthbrfoed T. Johnstone, 
M.D., Consultant in Industrial Health, 
Lecturer, Univ. of California. Pp. 604; 
117 ills., 7 in color. St. Louis: C. V. 
Mosby, 1948, Price, $10.00. 

Tuberculosis. By Francis Marion Potten- 
GER, M.D., P.A.C.P , Emeritus Prof, o.’ 
Medicine, Univ. of Southern California. 
Pp. 598; 105 ills. St. Louis; C.V. Mosby, 
1948. Price, $12.00. 

Brief Psychotherapy. By Bertrand S. 
Frohman, j\'.D., with the collaboration of 
Evelyn P. I rohman. Foreword by Wai/- 
TER C. Alvarez, M.D. Pp. 265. Phila.: 
Lea & Febiger, 1948. Price, $4.00. 

Proteins and Amino Adds in Nutrition. 
Edited by Melville Sahthn, M.A,, 
Ph.D. Pp. 566. New York: Reinhold, 
1948. Price, $7.50. 

The Rh Factor in the Clinic and the Labora- 
tory. Edited by Joseph M. Hill, M.D. 
and William Dameshek, M.D., Special, 
Issue No, 2 of Blood, The Journal of 
Hematology. Pp. 192. New York: Grune 
& Stratton, 1948. Price, $4.25. 

Deep Analysis. By Charles Berg, M.D. 
(Lond.), D.P.M., Fellow of the British 
Ps 5 ’'chological Association. Pp. 254. New 
York: W. W. Norton, 1947. Price, $3.50. 

Atlas of Bacteriology. By R . Cranston Low, 
M.D., F.R.C.P.E., F.R.S.E. (Edin.), and 
T. C. Dodds, F. I. M. L. T. 168 ills., 167 
in color. Balt.: Williams & Wilkins, 1947. 
Price, $8.50. 

Cardiopatias Congcnitas dc la Infancia. B}’ 
Dr. Aggstin Castell.anos y Gonzalez. 
Pp. 406; 20 ills. Havana, Cuba: M. V. 
Fresncda, 1948. Price, $9.00. 

Diabetes MeUitus in General Practice. By 
Arthur R. Colwell, M.D., Assoc. Prof, 
of Medicine, Northwestern Univ. Pp. 350. 
Chic.ago: The Year Book Publishers, 1947. 
Price, $5.25. 


Diseases of the Joints and Rheumatism. By 
Kenneth Stone, D.M. (Oxon.), M.R.C.P 
Pp. 362; 58 ills. New York: Grune & 
Stratton, 1947. Price, $6.50. 

Experimental Aii -borne Infection. By Theo- 
dor Rosebury, with the co-authorship 
of the Staff of the Laboratories of Camp 
Detrick, Md. Pp. 222; 40 figs. Balt,: 
Williams & Wilkins, 1947. Price, $4.00. 

Applied Medical Bacteriology. By Max S. 
Marshall, PhD., with the collaboration 
of Janet L5. Gunnison, M.A., Alfred S. 
Lazarus, Ph.D., Eijzabeth L. Morri- 
son, M.A., and Marian C. Shevky, A.B., 
Medical Center of the Univ. of California. 
Pp. 340; 8 ills. Phila.: Lea & Febiger, 
1947. Price, $4.50. 

The Pathology of Nutritional Disease. By 
Rich.ard H. Follis, Jr., M.D., Assoc. 
Prof, of Pathology, Duke Univ. School of 
Medicine. Pp. 291; 71 ills. Springfield, 
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The close but undefined association since investigators of hepatic disorder may 
between cirrhosis of the liver and a spe- also wish to take advantage of its char- 
cific cerebral degeneration in the disease acteristics, it is necessary first to describe 
hepato-lenticular degeneration has excited in some detail its place in the whole group 
continued interest since attention was first of disorders that comprise hepato-lenticu- 
drawn to it by Kinnier Wilson®® in 1912. lar degeneration. For more detailed dis- 
Tlie hepatic cirrhosis of this disease indi- cussion of the other aspects of the disease 
cates the possible presence of a metabolic the reader is referred to a recent review by 
fault, elucidation of which would undoubt- one of us.® 

edly lead the way to a better understand- Hepato-lenticular degeneration is a 
ing of more than one type of chronic dc- familial disease, affecting nearly all tlie 
generation of the brain. Despite many siblings in one generation, and doubtfully 
investigations, the nature of the •ho.to in if ever gi\dng evidence of either cerebral 
Wilson’s disease has remained unknown, or hepatic disorder in the preceding gen- 
It is not even determined whether the eration. It usually develops in adolescence, 
brain is damaged by sonic substance and the earliest reported case began at tlie 
produced by the damaged liver, or if both age of 4 years. It is thus clearly demar- 
brain and liver suffer from the same agent- cated from erythroblastosis fetalis and 
The present report offers evidence kernicterus. Recent studies on some of 
derived from a type of case which appears our cases failed to show any clear relation- 
crucial to the point of issue, namely a well ship to Rh incompatabiiity. It is a progres- 
defined but mild example of the disease sive disease, but often intermittently so. 
without obvious liver damage. Since tliis The hepatic cirrhosis may be frank and 
mild chronic "pscudoselerotic” type of the persist long before nervous .symptoms 
disease is not generally recognized and arise. Indeed some succumb to the cir- 

* Now in Rc.'P.irdi. McLc.nn Hospit.n1. Waverly. M.')<;5achi:Fc(t‘:. 
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rliosis without ever developing the neuro- 
logical disorder, and in such cases the 
disease has been identified only by its 
complete development in siblings. In 
most patients with the fully developed 
disease the cirrhosis has not given rise to 
other than doubtful digestive symptoms. 
In the analysis of the literature by Andre,^ 
of 145 cases verified by the presence of 
Kaj'ser-Fleischer ring or by proven family 
history, 110 fell into this group of ‘latent” 
cirrhosis. In 27 cases in this series (18.5 %) 
the hepatic symptomatology had been 
intensely manifested, and in 7 cases (5 %) 
the hepatic illness had occurred without 
neurological disorder. Only the case of 
^^immer^® presented neurological symp- 
toms without either macroscopic or micro- 
scopic emdence of cirrhosis at autopsy. 
Andre' further accepts the cases of Eicke'® 
and of Froelich and Harbitz,'- however, 
as instances of absence of cirrhosis in the 
presence of cerebral lesions, though the 
diagnostic criteria had excluded them from 
the larger group analyzed above. Thus the 
association of hepatic cirrhosis and cere- 
bral lesions, though close and numericallj’’ 
frequent, is not absolute. 

.'Vttem.pts to demonstrate histological 
changes in the brain in association with 
more common types of cirrhosis have been 
unsuccessful in the e.xperience of the 
Hursts’® and others. Only Sclialtenbrand®® 
and Scherer®® found glial colls resembling 
those of hepato-lenticular degeneration. 
Damage to the liver, e.xperinientally pro- 
duced, was found to be associated with 
lesions of the central nervous system by 
some investigators®®'®® but the type of 
damage was un.specific. In its mildest 
form the change in the central nervous 
system in established hepato-lenticular 
degeneration is also unfortunately non- 
specific, for the distinctive giant glial cells 
of Alzheimer arc then not prc.sent. The 
changes found in the liver in AYilson’s 
disease have been greatly varied, a.s has 
been the a 5 sociate<l hepatic history. A 
mild chronic lobular cirrhosis of Eacnncc 
tyjK- (cla.ssifiefl as subacute yellow atrophy 
by some) is commonly found, and only a 


minority present early and severe eri- 
dence of portal obstruction. There is 
great variation in the size of regenerated 
nodules. Four cases are reported in whom 
the spleen had been removed under the 
impression that the condition was Band’s 
disease and another such case has recently 
been seen by us. Recurrent episodes of 
digestive disorder may long precede the 
onset of nervous sjmiptoms, and in some 
such episodes mild jaundice occurs. 
Liithj'®’ has commented that such clinical 
emdence of hepatic disorder in the 
“hepatic stage” frequently lessens or dis- 
appears with the onset of neurological 
S 3 Tnptoms. We have not found this in 
cases personallj^ observed. 

The nervous s 3 Tnptoms also present 
great variation from famil 3 " to family. 
The development of severe immobilization 
and disabilit 3 ' ovnng to extrap 3 TamidaI 
rigidit 3 % and distortion of posture, vnth 
or ■m'thout tremor, appearing in adoles- 
cence is relativel 3 " well-known following 
the excellent description b 3 ' Wilson.®® Such 
extreme disabilit 3 -, with the peculiar 
“fatuous smile,” can scarcel 3 '’ be mistaken 
for an 3 ' of the more common nervous dis- 
eases. There have been ver 3 ' few reports 
in English of another variet 3 ' with remark- 
abb' different clinical aspect, nameh' 
“pseudosclerosis,” which is commonb' mis- 
taken for multiple sclerosis or post- 
encephalitic Parkinsonism. This vanct 3 ' 
has been frequentb* reported in the 
German literature, reviewed b 3 ' Hall’^ and 
Luth 3 '.®’ i\n unusual t 3 ’pe of tremor 
ma\’ be its sole neurologic sign. hcrcas 
“progressive lenticular degeneration' as 
described 133 ' Wilson®® appears in adoles- 
cence and progresses to a fatal termination 
in a period of months or perhaps 1 or 2 
3'ear3, the “pseudoselerosi.s” of cstphal,"' 
Strumpcll,®® and Fleischer” appears at an 3 ’ 
time from the second to the fourth decade 
and commonh' nins a chronic course of 
man}' 3 'cars in duration. In distinction 
from the gross cavitation in the brain of 
Wilson’s cases, "pscudoscicrosis’ is often 
associated with no change visible to the 
naked oye, and onh' a peculiar tlisorder of 
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the glia has been regularly demonstrated 
microscopically. The identity of the two 
syndromes was, however, firmly establish- 
ed by Halh^ who first proposed the name 
“hepato-lenticular degeneration” to cover 
both varieties. The very characteristic 
pigmentation of the cornea (“Kayser- 
Fleischer Ring”) has been present in all 
cases of the pseudosclerotic variety, but in 
only about 60 % of “progressive lenticular 
degeneration.” It has not been found in 
any other condition. Its absence in any 
given case may, therefore, be related to 
brevity of the total duration of the illness. 
Strict scrutiny of the neurologic and 
pathologic data and family history is 
then necessary to establish the disease. 

The differences between the different 
types of the disease have a fairly close 
but not absolute relationship to its rate 
of evolution. Thus fulminant examples 
reaching extreme degrees of hepatic and 
ner^'ous disintegration in the course of 
one*® to several months have been recorded 
in young children, whereas LiithyV'* 
Case 2 of pseudosclerosis had the tremor 
for 43 years. As in many other familial 
diseases, the type and course of the disease 
remains relatively constant within any 
particular family. 

The tremor, which may be the oiJy 
neurologic symptom of the pseudo- 
sclerotic variety of the disease, presents a 
very characteristic flapping movement of 
the outstretched hands, which are alter- 
nately flexed and extended at tlie wrists 
(“wing-flapping”) of 3 to 5 beats a second. 
At times the whole arm beats up and down 
from the shoulder (the “swimming” move- 
ment of Striimpell). Some patients have 
none of the shoulder movement, some 
more. The tremor seldom involves the 
elbow joint, and only at times or in a late 
stage do tlie fingers beat. Indi\’idual 
digits then may beat separately. At first, 
and in some for the whole course of the 
disease, the ui)per limbs are alone affected 
by the tremor. From the beginning the 
tremor is increased by voluntary move- 
ment, as is that of cerebellar incoordina- 
tion, and the patient complains primarily 


of difficulty in bringing a fork or glass of 
water to the mouth. When there is emo- 
tional stress the upper limbs show a 
rhythmical tremor at rest, but the tremor 
is more easily abolished by complete relax- 
ation than is that of Parkinsonism. The 
tremor has the same characteristics in 
both types of the disease, but in the pro- 
gressive lenticular type a resting tremor of 
Parkinsonian type is added in later stages. 
The occurrence alone of action tremor, 
beginning in the 3rd or 4th decade of life, 
is the characteristic feature of the chronic 
form of pseudosclerosis. We have dis- 
cussed the pathogenesis of the tremor else- 
where,® pointing out that its cerebellar 
character indicates that it more probably 
results from the degenerative changes in 
the dentate and red nuclei almost con- 
stantly present, rather than from the 
lesion of the basal ganglia. Dj'sarthria is 
also commonly reported. 

We have described these peculiarities of 
the disease at some length, because the 
family reported here is one of 2 brothers 
who show the late and milder pseudo- 
sclerotic form of the disease. The action 
tremor of the arms, the titubation of the 
head and trunk, and the ataxic gait would 
pass for a condition of cerebellar atrophy, 
of late familial type, were it not that the 
tremor is predominantly in the hands. 
Both brothers present an unusually well 
developed orange-green Kayser-Fleischer 
ring. 

Laboratory tests designed to demon- 
strate the presence of the liver disorder in 
hepato-lenticular degeneration have given 
equivocal results. Andrd* has made a 
detailed analysis of the findings in 147 
reported cases. The older laboratory tests 
for hepatic function such as levulose toler- 
ance, galatose tolerance, tests for bile salts 
and for bilirubinemia have been frequently 
reported negati\-e in cases of hepato- 
lenticular degeneration. Urobilin and uro- 
bilinogen has often been found in the 
urine but not in at least 7 authentic cases. 
As might be suspected from the usual 
intermittent course of tlie disease the 
results of tests haA-e fluctuated and have 
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gh'en unequivocal e^^dence only -n-hen 
severe hepatic dysfunction has been obvi- 
ous from clinical data. Sweet, Gray, and 
Allen*^ found that the serum colloidal gold 
reaction of Allen*® was sensitive enough to 
give a positive reaction on the absence of 
hepatic symptoms. In this clinic Horn- 
burger and Kozol*^ recently reported com- 
parative tests by newer techniques on 2 
families under our observation. The 
cephalin-flocculation test of Hanger*® gave 
the most constantly positive results, but 
considerable fluctuation was present, even 
in a patient with a clironic pseudosclerotic 
form of the disease beginning at the age of 
30 years. That the presence of severe liver 
damage in any form could be associated 
with a positive result renders such tests 
non-specific. 

In recent years it has been established 
that disequilibrium in amino-acid metabo- 
lism, particularly a deficiency of cystein, or 
lack of balance of choline may lead to a 
fine lobular cirrhosis in animals. It is 
therefore of interest to inquire into the 
relationship of amino-acid metabolism to 
the cirrhosis of Wilson’s disease. Un- 
fortunately severe hepatic damage of any 
kind also disturbs amino-acid metabolism, 
so that, in order to determine whether any 
disorder that is found is primary or sec- 
ondary, it would be necessary to establish 
the presence of disorder before the hepatic 
disease commenced. This could be done in 
a younger member of a known family, 
and liability of the patient established by 
follow-up, A more rapid method is to test 
a patient suffering from a very chronic 
form of the disease with minimal liver 
disorder. The patient described below 
appears to fulfill these latter requirements 
satisfactorily. 

Case Report. J. G., a 34 year old married 
Italian former tnick-driver was admitted to 
the Ncuroloaical Sendee of the Boston City 
Ilo.'pital on March 4, 1947, with the chief 
complaints of shakinc of extremities and 
tnmk, .and difficulties of speech of years’ 
duration. The disease had l)ctrun insidiously 
at a time when the patient was about 29 
ye.ars old, first m.anifesting itself as a tremor 


of his out-stretched arms, disappearing dur- 
ing rest and accentuated by any purposeful 
movement. The tremor gradually worsened 
until, about 2 years ago, it began to inter- 
fere with his work, so that he had to ^ve 
up driving trucks. At about this time a 
tremor of the head and unsteadiness of the 
trunk also made their appearance. One year 
prior to admission, speech became noticeably 
altered. A gross tremor of the shoulders 
gradually developed so that 4 months before 
admission sha%Tng and feeding himself had 
become quite impossible. In spite of the 
marked disability in the upper extremities 
he had found no difficulty in walking, while 
a slight tremor of the legs only became evi- 
dent when the patient tried to step onto a 
chair. There had never been any headaches, 
vertigo, nausea, vomiting or localized weak- 
ness. 

The patient had developed a cataract in 
the left eye during adolescence dating from 
some unremembered and doubtful injury in 
earlj' childhood. This had eventually pro- 
gressed to complete amaurosis in the left eye. 
His general health had been very good. The 
patient had always had a hearty appetite, 
had never suffered from any form of indiges- 
tion, nor had he ever been jaundiced. Helena 
and bloody stools were denied. There was a 
very moderate intake of Italian red wine, 
and the dietarj' historj' was essentially 
negative. 

Family History. Inquiries regarding the 
family histoi^’ disclosed that the patient's 
brother, 37 years old at present, had been 
suffering for the past 10 years from an 
identical tremor. This fact was fully con- 
firmed on examining the patient’s brother, 
who showed the same coarse, flapping tremor 
of the arms accentuated by movement, 
tremor of the head and trunk, the slurred- 
scanning speech and the classical Ka 3 ’ser- 
Fleischer rings of pigment in the outer part 
of the cornea of both ej'cs. He had also 
developed mild mental deterioration and was 
ha\ing frequent tonic generalized seizures. 

The grandparents of the two brothers had 
died in Italj' and information concerning 
them was not available. Their mother had 
died in her earh’ thirties in Italj' in 1918 of 
“Spanish Influenza.” The patient’s father, 
aged CS, was alive and quite health}'. The 
famil}' con.«isted of 5 sibling-s 1 of whom had 
died in infanej', prcsumablj' of pneumonia. 

Of these siblings still living, the eldest h.ad 
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demonstrated signs of a neurologic disease 
at the age of 27, as mentioned previously. 
He is unmarried. Two, both females, aged 
31 and about 35 years were healthy, had 
married, and possessed healthy cliildren. The 
5th is our patient who developed symptoms 
at the age of 30 years. The patient’s father 
had remarried and had 2 healthy offspring, 
aged 26 and 27 respectively, from this second 
marriage. The patient himself had 3 healthy 
children, 2 sons and 1 daughter. The young- 
est of these, however, was jaundiced at birth 
due to Rh incompatibility. 


and in reflected light there was a slight green- 
ish tinge. The Ka 3 ^ser-Fleischer rings were 
even more fully developed in the brother, and 
were in him remarkable, for the presence of 
a slight arcus senilis revealed clearly that the 
Kayser-Fleischer ring was much more deeply 
situated (Fig. 1). It is well known from 
histologic studies that the ring is in fact 
in Descemet’s membrane lining the inner 
aspect of the cornea. In this patient also 
there w^as a zone of dark brown ihgmentation 
just over 1 mm. broad on the sclerotic, 
surrounding the limbus (Fig. 1). This is 


! ■ 

1 



Fig. 1. — Pliotopiapli of tiie eyo of tlie elder biotlior of flic patient to show the Kayser-Fleisehei niiK 
of pigmentation ^\'hich appears here as a broad zone of diffuse haze mound the outer eornea, obscuring 
the iris. There is also a zone of brown pigmentation on the conjunctiva just bordering the cornco-scleral 
junction. The patient himself had a similar corneal ring but it was not so well developed, and was more 
difficult to photograph. 


Physical Examinalion. The general ph 3 ’'s- 
ical examination of the patient disclosed 
a well-nourished, well-developed male in no 
acute discomfort. The pulse rate was 76, 
respirations 18 per minute, temperature 
98.6° F., with a blood pressure of 138/92/mm. 
The left C 3 'e showed an opacit 3 ' of the lens 
dating from an injur 3 ' in childhood, pallor of 
the optic nerve and almost complete amauro- 
sis on that side. The cornea in both e 3 'es 
showed a zone, about 3 mm. wide, of brown 
pigmentation in the peripherA'. The ring of 
pigmentation was complete and was most 
dense near the limbus and faded into a 
smok 3 ' haze towards the center of the cornea. 
In transmitted light its color was dark brown, 


extremel 3 " unusual. The complexion was 
dark and sallow but there was no other 
unusual pigmentation in either brother. 
The cardiovascular S 3 'stem was negative. 
The liver of our patient was just palpable at 
the costal margin and presented a hard, 
smooth, non-tender edge. The spleen was 
not enlarged. No e\'idence of collateral 
venous circulation was found on the abdo- 
men. There were no spider angiomata. No 
hemorrhoids were detected, and there was 
no ascites or edema. Jaundice was not 
present. 

Neurologic Examinadon. The richt pupil 
reacted normally to light and on accom- 
modation. The left e 3 ’e showed an am- 
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blj'opic exophoria, and the left pupil 
reacted verj' sluggishly onlj" on illuminating 
the iris from the peripher3\ There was no 
nj'stagmus. There was no tremor of the 
palate or tongue, but speech was slightlj'^ 
slurred and scanning in character. Otherwise 
the cranial nerves were negative. The motor 
power was intact throughout. There was a 


hands which flapped in coarse alternating 
flexion-extension at the wrists (Fig. 2). The 
tremor would fluctuate in amplitude some- 
times appearing in one or the other hand, 
sometimes both. The more intense the 
tremor the more the two hands tended to 
beat in time, but often they alternated in 
similar rhjdhm of about three beats a second . 
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rtc.s. 2 and 3.— Photocraphs of the patient to show the flappinc tremor of the hands {FiR. 2) and of 
the .-houldcrs (FiR. 3). From a cincmatORrnpIi film ^vith intervals of second between each of the 
series. 


co.ar?c rhythmic tremor of the head in both 
the antcro-po.'terior and lateral planes, which 
was transmitted to the upper part of the 
trunk when unsupported, and tvhich disap- 
peared at rc-'t. 

When the patient Lay with all parts of the 
body .‘supported there was no tremor in any 
part. If the arm.s were out.drctchcd, a 
rhythmical coarse tremor would begin in the 


With any sustained or e.xtra effort one or 
both arms would oscillate up and down at t lie 
shoulder (Fig. 3) in the same rhythm. itii 
this the head would often begin to titubate 
more violently, so that with any severe 
exertion or emotional upset the whole tipper 
part of the hod}- would undcrco violent oscil- 
lation. Electromyographic studies revealed 
that there was no muscular activity at re-f. 
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and that whatever muscular group in the 
upper limbs was activated the discharge of 
action currents soon broke into rhythmical 
bursts. The rhythm was more fully and more 
rapidly developed in the deltoids and forearm 
muscles but was also shown in biceps and 
triceps. Antagonists did not enter contrac- 
tion except in synergic activity and their 
rhythm then alternated 'with that of the 
opposing muscle. 

The tremor became more severe in the 
course of any movement. The finger-to-nose 
test was usualty terminated by the pa-tient 
slapping his face. Alternating movements 
were verj’’ poorly performed. The trunk 
manifested slight titubation. The legs 
showed ver}'’ slight action tremor on per- 
forming the lieel-to-shin and toe-to-object 
tests. The gait was normal except for slight 
titubation and a slight hesitation in turning. 
The biceps, triceps and radial reflexes were 
present and equal, as were the abdominal 
and cremasteric reflexes. The knee and 
ankle jerks were also normal. The plantar 
responses were lioth flexor. No sensory loss 
of any kind could i^e demonstrated. Vibra- 
tion and position sense were unimpaired. 

Laboratory Studies . Examination of the 
blood showed a red-cell count of 4.97 million, 
hemoglobin of 100%, Avhite-cell count of 
7500 with a normal differential count. The 
urinab'sis showed no sugar, acetone or 
albumen, and the sediment was negatirm. 
A marked amino-aciduria was, however, 
noted and this will be discu.ssed in detail 
later. 

The blood N.P.N. was found to be 36 mg. 
per 100 cc., and the fasting blood sugar was 
c.stimated as 110 mg. per lOO cc. The blood 
Hinton was reported as negative. Roentgen 
ray examination of the .skull, chest and 
abdomen revealed no abnormality. Lumbar 
puncture disclosed a clear, colorless fluid 
with an initial pressure of 110 mm. water, 
contained no cells, had a total protein of 
37 mg. per 100 cc., negative Da-vies-Hinton 
and Wassennann tests, and the gold-sol 
curve was flat. Liver function tests disclosed 
the following: Cephalin flocculation: -f 
(technique of Hanger’^ normal response -f- to 
d — b), prothrombin time (according to the 
method of Quick”) 100%; icteric index; 3-4; 
serum bilirubin, prompt, direct 0.06 mg. %, 
total 0.36 mg. %; sulfobromophthalcin 
excretion tests (by the method of \Miitc 
ct o/.’’) with 5 mg./3\g. wt. showed no dye 


after 40 minutes; serum total protein was 
6.88 gm, % with an A/G ratio of 4.3/2.5; 
blood CO 2 of 47%; thj'-mol turbidity 2.23 cc. 
BaSO< (normal variation 0 to 1.68 cc.^'); 
thymol flocculation (according to the 
method used by Neefe“), 3 4- (normal values 
0 to -f, exceptionally -{-4-), and a blood 
urea 22 mg. %. 

A month later, in April 1947, the serum 
total protein was 7.2 gm. %, and the cephalin 
flocculation was reported as 1 -f. Two 
months later, on May 25, 1947, the serum 
total protein was 5.88 gm. %, while the 
cephalin flocculation was still 1 -f-, and the 
N.P.N. was 32 mg. %. The blood amino- 
nitrogen was slightly raised. During tJm 
patient’s hospital stay a punch-biopsy of the 
liver was performed bj' Dr. Irving Brick. 
The specimens of liver tissue tlms obtained 
were adequate, and liistologic examination 
of the sections by the Mallory Institute of 
Pathologj'- revealed no evidence of cirrhosis 
(Fig. 4). Dr. Parker kindlj’’ gave us the 
following critical evaluation of the sections: 
“There is gi-eat variation in the size of the 
liver cells. Some are much larger than 
normal. The cytoplasm of all the liver cells 
tends to be clear and contains numerous 
yellow-brown pigment g]'ami3o.s. Tl)is jjig- 
ment is not hemosiderin and is not acid-fa.st. 
The nuclei of the larger cells are abnormally 
large and sometimes are vacuolated. The 
lobular arrangement is somewhat distorted. 
There is no definite increase of the connective 
tissue in the port.al areas which are infiltrated 
Avith an occasional Ivmphocjde and eosino- 
phil.” 

Studies on the Urine. Concentration and 
dilution tests shoAved that the patient could 
concentrate urine to 1028 and dilute it to 
1006. There was neA'er any albumen, .siiaar, 
or acetone in the urine. Repeated examina- 
tions of the sediment AA'erc always negative. 
P.S.P. tests done in .A.pril 1947 and repeated 
in I^Iay 1947 .riiOAved 90% e.xcretion of the 
dye at the end of 90 minutes AA-ith 35% 
excretion occurring AA’ithin the first 15 min- 
utes after injection. 

TAA'cnty-four-hour urine specimens A\'cre 
collected daily, the total A'olume was meas- 
ured, then aliquots Avere taken for (a) dc- 
termiuatiou of amino-nitrogen by the Socren- 
sen Formol Titration, (b) amino-nitrogen de- 
terminations by the V.an Slyke Ninhydrin 
method, (c) small aliquots used for the sepa- 
ration and identification of alanine, glut.nmic 
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indicated that there were at least 10 to 12 
different amino acids present, with the chro- 
matogram spectrum extending all the way 
from the band of aspartic acid (with an 
Rr;0.12) to arginine and histidine with Rr 
values of 0.85 and 0.70 respectively. Repe- 
tition of these chromatograms after the 0.02 
ml. urine sample had been appropriately 
diluted confirmed the observation that none 
of these amino acids was present in excess 
over the others. This seemed to exclude the 
possibihty of the preponderance of any single 
amino acid in the urine of the patient. 


gen sulfide. After the precipitated Cu was 
filtered off, aliquots of the filtrates of each 
fraction was taken for Nesslerization. De- 
terminations on these samples gave a glu- 
tamic acid value of 42 mg. % and aspartic 
acid of 14 mg. %. Aspartic acid was further 
chemically identified by forming the benzojd 
salt and comparing its melting point with 
synthetic benzo 3 d-aspartate: 

Melting point 

Benzoyl compound from urine 179 “-ISO® C. 

Synthetic benzoyl-aspartate 179°-180° C.* 

* Uncorrected. 


Table 1 


Soerensen formol titration 


Blood 

Mg. amino-N 

Mg. amino-N 

Nmnydrin-COr 

method 


amino-N 

per 

per 24 hrs. 

mg. amino-N 

Diet 

(ing.%) 

ml. urine 

urinary excretion 

per 24 hrs. 

5.52 

0 644 

837 

790 

High protein 


0 56 

896 

923 

(< 


0 728 

1237 


it 


0 714 

1249 


(( 


0 392 

860 


ti 

C.33 

0 57 

1534 


ft 


0 40 

1246 


if 


0 84 

1558 


ft 


0 30 

840 


Low protein 


0.28 

804 


(4 


, , 

, 

580 

(( 


0.48 

1440 


High protein 


0.50 

1275 


tf 


0.40 

906 


ft 


0.52 

988 


ff 


0.42 

1120 


<t 


Separation and Identification of Alanine, 
Glutamic and Aspartic Acids. Two hundred 
ml. of urine from a 24-hour specimen con- 
taining a total of 1535 mg. amino-nitrogen 
was reduced to 50 ml. by distilling in vacuo. 
To this was added barium hydroxide in 
powder form until the urine became alkaline. 
At this stage the sulfates were precipitated 
and filtered off. The Ba-salts of glutamic and 
aspartic acid were precipitated from the 
filtrate with 5 times the Amlume of ethanol 
(Foreman method). The precipitate was 
centrifuged off and redissolved in 10 ml. 
water. The Ba-ion was removed by drop- 
Avise addition of dilute sulfuric acid. The 
solution AA*as then boiled for 15 minutes with 
1500 mg. copper carbonate and then taken 
to dr\-ness on a water bath. From the 
mixture of Cu-s.alts of aspartic and glutamic 
acids, the glutamic acid salt Avas separated 
bj* extracting the dn- residue A\-ith AAater, the 
Cti-glutamatc being AA'ater-soluble while the 
Cu-aspartaic is water-insoluble. The copper 
AA'asremovea ironi both fractions At ith hydro- 


Alanine was isolated from the same urine, 
after the Ba-fraction had been remoA’ed, by 
precipitating it according to Bergmann-* Avith 
dioxalop 3 Tidic acid. After this had been 
separated, the p-toluo-sulfon 3 ’l deriA-atiA'e of 
alanine Avas formed folloAving the method of 
Bergmann and Niemann.® The alanine thus 
estimated as the toluo-sulfonyl derivative 
gaA'e a A’alue of 102 mg. %. From this 
p-toluo-sulfon 3 'l-alanine the p-phen 3 'l-phen- 
ac 3 'l salt was formed for purposes of chemical 
identification. Comparison of melting points 
(uncorrcctcd) shows: 

Melting point 

p-Phetij'1-phenacyl compound 

from ■urino C. 

p-PhDnyl-phen.'icyl-alanine 142°-143° C. 

p-Phcnyl-phcnacyl bromide 125°-12G° C 

This A'alue giA-en for alanine maA- be rather 
high because it has been found that trA'pto- 
phane Avill also giA'C a dioxalopATidate Avhose 
soliibilit 3 ' is low, i. c. .3 mg. per ml. at 5° C., 
and hence the precipitated dioxalopA'ripatc 
ma\* also contain some trA'ptodhane salt.' 
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Of course, the final purity of the phenyl- 
phenacyl compound does not argue against 
this possibility. The A^alues thus obtained 
confirm the observation that there is a gen- 
eral increase in the indiridual amino acid 
fractions of the mine. 

Discussion. The family reported in this 
paper present the pseudosclerotic tjT^e of 
hepato-lenticular degeneration vhich u’e 
have found to be more common than is 
generally believed. The peculiar tremor of 
cerebellar type has been described in some 
detail to facilitate its more general recog- 
nition. The Kayser-Fleischer ring of cor- 
neal pigmentation is its sure identifica- 
tion. The late development and very slow 
course of pseudosclerosis make it particu- 
larly appropriate for studies of metabolic 
dysfunction in hepato-lenticular degenera- 
tion. Such studies in the patient with the 
mildest form of the disease under our 
observation have revealed a gross amino- 
aciduria in the absence of demonstrable 
impairment of hepatic or renal function. 
The absence of low renal threshold for 
other substances excludes the Fanconi 
syndrome which is a nephrotic nephritis 
associated with albuminuria, renal glj'- 
cosuria, hypophosphatemia, peptiduria 
and aminoaciduria due to "an inherent 
congenital defect of the tubular epi- 
thelium.” 

Although amino-aciduria is reported to 
be by no means uncommon in diseases 
affecting the parenclijuna of the liver, the 
actual stage of liver disease in which the 
failure of de-amination of amino acids 
begins to occur and its relation to dis- 
turbances of the other functions of the 
liver are as yet unknown. One reason for 
this gap in our present knowledge may be 
the rarity of occasions in which investiga- 
tors have been prompted to study quantita- 
tively the amino acid c.xcretion in the 
urine of patients showing minimal evi- 
dence of liver di.=ease as indicated by 
the common liver function tests. Conse- 
quently, most of the literature on this 
subject reports the occurrence of abnor- 
mally large amounts of amino acids in the 
urine of patients whose hepatic function 


had already shown gross and umnistakable 
disturbance. Undoubtedly the most strik- 
ing instance of this is the amino-aciduria 
encountered in acute j’^ellow atrophy 
(whatever the etiology) where urine 
amino-nitrogen levels of up to 40 mg. per 
100 cc." and blood amino-nitrogen levels 
reaching 216 mg. per 100 cc.-^ have been 
reported. Less severe degrees of amino- 
aciduria are seen in subacute yellow 
atrophy,”®'-® but in these cases it is quite 
transient and the major portion of the 
excreted amino-nitrogen can be directly 
ascribed to tyrosine. Deriving credence 
from these well-known observations, 
amino-aciduria has been generally con- 
sidered as a manifestation of severe liver 
disease rapidly approaching the terminal 
phase of liver failure. True enough, at this 
stage of the picture, when the blood 
N.P.N. is rapidly rising and the blood urea 
level falls, the blood a-amino-nitrogen 
level is quite high and the excess amino 
acids are naturally poured out by the 
kidney. Yet the fact that the normal 
adult excretes about 100 to 200 mg. amino- 
nitrogen daily in his urine'®'®® would indi- 
cate that the kidney will excrete amino 
acids even with a normal blood amino- 
nitrogen level. The lack of data on the 
tubular maximal resorption (Tm) of amino 
acids in the normal human kidney renders 
a correct appraisal and explanation of this 
phenomenon beyond our means at the 
present time. Recent renal clearance 
estimation of amino acids on dogs^® are 
certainly not in accord with observed facts 
in normal humans, since the normal adult 
human excretes about 15 mg. arginine 
daily,®® and normal urine will give a strong 
Kappellcr-Adler reaction for histidine, 
whereas in dogs, even with plasma levels 
of up to 10 to 50 times that of the post- 
absorptive state, there w.as no e\'idence 
that the maximal rate of tubular rcabsorp- 
tion for histidine had been reached, while 
the Tm for arginine was estimated a-s II 
mg. per minute. Ifence it woidd api)ear 
that amino-aciduria in humans is not 
incompatible with the absence of concom- 
mitant hj-pcrainino-acidernia, and an in- 
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crease in the former might well take place 
without a corresponding reflection in the 
latter. This supposition finds support in 
the case of hepato-lenticular degeneration 
reported here. 

Conjectures concerning the cause of the 
amino-aciduria lead to the consideration of 
several possible explanations. One of these 
may be that failure of deamination might 
be by far the earliest hint of hepatic 
disease in hepato-lenticular degeneration. 
Certainly the presence of marked amino- 
aciduria with minimal impairment by liver 
function tests, as presented in our case, 
would support this hypothesis. Another 
and more attractive explanation would be 
provided by the assumption that Wilson’s 
disease presents a basic fundamental defect 
in the metabolism of amino acids. The 
amino acids that cannot be used by a 
defective enzymatic system are excreted 
by the kidney, thus gi^ung rise to a de- 
ficiency of amino acids essential for the 
maintenance of the functional and struc- 
tural integrity of the liver and the basal 
ganglia of the brain. The detection of 
severe amino-aciduria without, appar- 
ently, any involvement of the li^^er severe 
enough to explain this phenomenon, would 
also support this second hypothesis. 

Amino acid excretion studies done on 
patients who have already manifest 
hepatic dysfunction certainly are of little 
help in elucidating the cause of the amino- 
aciduria, since at that stage the liver itself 
is so severely affected that the amino- 
aciduria may directly be ascribed to the 
liver disease. This point was well-illus- 
trated when we found the opportunity to 
reexamine a case previously studied by 
Homburger and Ivozol (their Case 3).*' 
This patient had been steadily deteriorat- 
ing since her evaluation in 1944 and 194G. 
The tremor has increased in severity, 
being markedly accentuated by any pur- 
poseful movement. It affected the upper 
extremities more than the lower, and the 
distal parts of the limb more than the 
proximal. Emotional instability was now 
conspicuous: the patient would laugh and 
cry on the slightest stimulus, and often her 


features would shape themselves into a 
silly grin without mirth or affect. Memory 
and intellectual functions were also im- 
paired. Judgment was poor and she was 
often found to indulge in bizarre beha\dor. 
The whole picture was consistent with 
progressive organic mental deterioration. 
Neurological findings were essentially the 
same as on previous admissions except for 
the presence now of bilateral extensor 
plantar (Babinski) responses. Liver func- 
tion tests done a year after her previous 
study by Homburger and Kozol gave the 
following data: Cephalin flocculation 

+++ (previously -f to -h-f-H — f-); icteric 
index 10 to 12; (previously 5); pro- 
thrombin time 72% (previously 100%); 
thymol flocculation 0 (normal: 0), thymol 
turbidity 0.72 (normal: 1.68); B.S.P.; 12% 
retention of dye after 30 minutes (trace to 
10% after 15 minutes). The data reported 
by Homburger and Kozol are shown in 
brackets. The comparison shows distinct 
progression of her liver disease. Amino- 
nitrogen levels done on her 24-hour urine 
showed a daily out-put between 5S0 mg. 
and 690 mg. amino-nitrogen, but these 
levels were taken while she was dehydrated 
and refused to increase her fluid intake. 
As it is known, amino-acid out-put is also 
dependent on the total fluid excreted* and 
hence these values may well represent the 
minimal excretion levels. Thus, although 
this patient also showed amino-aciduria, 
this could be directly ascribable to her 
hepatic involvement. 

The gross amino-aciduria in the presence 
of minimal liver disease in the case re- 
ported in this paper thus points to a very 
remarkable problem. This feature directs 
attention to the possible similarity of the 
condition with other well-known mal- 
adies associated with congenital defects of 
metabolism. Diseases like congenital 
cystonuria, alkaptonuria (homogentisin- 
uria) and phcin-lketonuria. which are 
specific for certain metabolic systems, are 
also linked to hereditary and familial 
factors. Our finding strongly suggests that 
hepato-lenticular degeneration might justi- 
fiably be compared with congenital dis- 
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eases of metabolism. It is hoped that a 
larger family suffering from the disease 
may be found and the questions of 
whether the amino-aciduria exists from 
infancy could then be put to test. If such 
proves to be the case the whole mechanism 
of familial and hereditary nervous diseases 
which appear long after birth will be 
revealed in a new light. The conception 
of “abiotrophy” or premature aging of 
nerve cells finds little support in modern 
pathology. Damage to nervous structure 
resulting from the cumulative effects of 
inherent metabolic defects maj'^ well under- 
lie such diseases as Huntington’s chorea, 
presenile dementias, and other obscure 
syndromes. 

The wide-spread use of intravenous 
alimentation with amino acids during 
World War II has shown that hyper 
amino-aciduria is well tolerated by the 
normal or undernourished individual, and 
that hyperamino-acidemia over a period of 
several weeks vill not cause any neuro- 
logic disturbance. Thus, the possible 
affection of the basal ganglia by a chronic 
but very minimal hyperamino-acidemia 
due to faulty metabolism in the liver 
appears very unlikely. 

Ever since Wilson’s original description 
of the disease, investigators have found 
difficulty in demonstrating the hepatic 
damage in this disease by the usual liver 
function tests. Although claims have been 
advanced regarding the efficacy of the 
Serum Colloidal Gold reaction, this too is 
often as unreliable as the others. The 
Cephalin flocculation test has been found 
to be positive when other tests were nega- 
tive. But such studies were made only 


when the disease was already in an advanced 
stage. The studies reported here indicate 
that the presence of non-specific amino- 
aciduria, vdthout demonstrable kidney or 
liver disease may well serve as a diagnostic 
criterion in hepato-lenticular degeneration 
at a stage where other tests give negative 
or doubtful indication. We have found 
only 2 references to tests for urinary amino 
acids in hepato-lenticular degeneration by 
others. Siemerling and OlofP‘ report a 
slight increase in a patient whose liver was 
greatly enlarged. Liithy-^ mentions that 
the ninhydrin reaction of the urine was 
negative in his first very chronic case, when 
other tests were also negative. 

The total amino-nitrogen content of the 
24-hour urine can be determined either by 
formol titration according to Soerensen or 
by the Van Slyke Ninhydrin-C02 method. 
Although the latter carries greater accur- 
acy in a-amino-nitrogen determinations 
done on blood samples, the former has 
been found to be quite satisfactory in 
determinations done on the urine. Formol 
titration further possesses the advantage of 
being a simple procedure that can be car- 
ried out without complicated apparatus. 
The amount of urinary amino-nitrogen 
usually present renders the margin of error 
attached to this method a negligible factor. 

Conclusions. One of 2 brothers suffer- 
ing from the chronic pseudosclerotic form 
of hepato-lenticular degeneration was 
found to have a severe and persistent 
amino-aciduria. There was no ewdence of 
renal disease. There was neither clinical 
nor laboratory evidence of hepatic cir- 
rhosis. The irnpiication.s of the amino- 
aciduria arc discussed. 
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In 1938 Solandt and Best*® used heparin 
in the management of experimental coron- 
ary thrombosis. Those experiments paved 
the way for the application of anticoagu- 
lant therapj' in human coronary artery 
thrombosis. Only during the past 4 years 
has the method been employed clinically, 
during which time both dicumarol and 
heparin have been on trial in the treat- 
ment of acute coronary occlusion with 
myocardial infarction. The rationale of 
anticoagulant therapy has been based on 
sound pharmacologic principles. These 
agents are used: (1) to prevent the forma- 
tion of mural tlirombi in the cardiac 
chambers; (2) to prevent the e.xtension 
of a thrombus from its point of origin; 
(3) to prevent the formation of thrombi 
in peripheral vessels from which disturbing 
thrombo-emboii could propagate. 

That acute coronary occlusion was ac- 
companied by frequent thrombo-cmbolic 
Iihcnomena has been long recognized. 
Wolff and White” have stated that a 
mural thrombus almost always occurs in 
patients who have suffered myocardial 
infarction, even though thrombi were 
found in only 30% of their postmortem 
material. Lenne and Brown^ noted S3% 
mural thrombi in tlieir fatal cases. In a 
clinical and pathologic study, jMeakins 
and Kahin^ recorded 17% venous thrombo- 
sis. 42% pulmonary embolism, and .W% 
iniind thrombi. In 300 infarctions. Bean’ 
found 9% with ptilrnonar.- and .34% with 
sy.<temic emlxili, while 47 % showed evi- 
th nee of mural thrombi. In his group all 
of the ])ulmonary ernlyoli and 1.3% of the 
systemic emboli were clinically detectable. 


Conner and Holt® recorded clinical sys- 
temic embolic complications in 10% of 
2S7 patients, of whom 7 % had pulmonary 
emboli. More recently Nay and Barnes® 
have reported thrombo-embolic complica- 
tions in 37 % of 100 cases convalescing 
from acute coronary occlusion — 15% com- 
plicated by a second infarction, 14% by 
pulmonary emboli, S% by cerebrovascular 
occlusion, 7% by thrombophlebitis, and 
4% by peripheral arterial occlusion. 

According to these necropsy studies, 
mural thrombi were found in the majority 
of raj'oeardial infarctions. Emboli from 
the left heart were noted in variable per- 
centages in the spleen, kidney, brain, mes- 
enteric and e.xtremity vessels, while those 
from the right heart necessarily lodged in 
the pulmonary tree. 

With the advent of the anticoagulant 
era, Peters, Guyther and BrambeP treated 
60 instances of acute myocardial infarction 
with dicumarol with 2% vascular compli- 
cations and 4% mortality. Also Nichol 
and Page® treating 44 patients, and 
Wright'® in his report of 76 acute occlusions 
treated with this anticoagulant, indicated 
that both the incidence of tlirombo-cni- 
bolic complication.s and the mortality rate 
were appreciably lowcrcil. Parker and 
Barker’ likewise observed .50 patients, 40 
of whom were treated solely by dicumarol 
and 10 by a combined dicurnarol-Iieparin 
program. Tliey noted vascular complica- 
tions in 4% with 10% mortality. 

Material and Methods. Tlii? communica- 
tion records our e.Xfieri'Tire witli 71 con.serti- 
tivc admissions. Tiv' diacno-i? was fuI>- 
ftantiateii by bistory, clinical .“igns and 
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symptoms, laboratory data and the devel- 
opment of electrocardiographic patterns of 
acute anterior, posterior, or lateral wall 
infarction, and/or a combination of these. 
Three who died within 48 hours of admission 
are omitted from the statistical data. 
Known coronary occlusion had occurred in 
2 patients, one 9 months and the other 
16 months previously. 

Anticoagulant therapy consisted solely 
of dicumarol. In addition, all patients re- 
ceived papaverine hydrochloride during the 
entire period of hospitalization. Ox 3 ’’gen by 
catheter, and morphine intravenously or 
subcutaneously, were routine procedures 
during the first 3 days and administered as 
necessary thereafter. Sodium restriction and 
leg exercises completed the regime. 

Prothrombin times ivere performed daily 
by a modification of Quick’s method, using 
Difco’s thromboplastin from rabbit brain. 
In control readings, prothrombin times have 
consistently varied between 12 and 15 sec- 
onds. An initial 300 mg. of dicumarol were 
administered after the prothrombin time had 
been determined, and 200 mg. were given 
routinely on the 2nd day. It was our pur- 
pose to maintain the prothrombin level be- 
tween 30 and 45 seconds by the administra- 
tion of 100 or 200 mg. daily for 4 weeks. If 
and when the protlnrombin time reached 
35 seconds, dicumarol was omitted that day. 

Observations. Table 1 shows the dis- 
tribution of these patients according to age 
by decade, Table 2 according to se.x and 

Table 1. — Disthibution Accobding to Age 


Age 

No. 

20-29 . 

.... 0 

30-39 . 

. . . . G 

40-49 . 

. . . . 15 

50-59 . 

.... 20 

CO -69 . 

.... IS 

70-79 . 

.... C 

Total . 

. . . , 71 


Table 2. — Distribution bv Sex and Race 


Sox 

No. 

Male . . . 

. . C5 

Female 

0 

Tot.al 

. . 71 

White . . . 

. . C7 

Black . . . 

. . 1 

Y'ellow 

3 

Total . . 

. . 71 


race. Interestingly'’ enough, 3 Chinese 
males in their 5th decade were treated 
during this study. Of the series, 44 (62 %) 
were in the 5th and 6th decades. Serial 
electrocardiograms (Table 3) demonstrat- 
ed that anterior and antero-lateral patterns 
barely exceeded the posterior lesions. 

Table 3. — Electrocardiographic Lesion 


Anterior occlusion 

. 37 

Posterior occlusion 

31 

Mixed type 

3 

Total 

71 


On 3 occasions gross hematuria occurred 
which was readilj'^ controlled b,v intraven- 
ous administration of 60 mg. of menadione 
bisulfite. This complication occurred dur- 
ing the 3rd week of therapy'^ in 2 instances, 
so dieumarol was discontinued. It was 
resumed in the third patient without sub- 
sequent hemorrhage. Two instances of 
mild epistaxis were noted, but these pa- 
tients W'ere maintained continuously at 
therapeutic levels. Unexplained difficulty' 
Avas encountered in the maintenance 
of the desired prothrombin time in 21 
patients. In 10 of these, a lapse of 4 day’s 
occurred before a therapeutic range was 
attained. On 4 occasions prothrombin 
times increased beyond 60 seconds, un- 
complicated by hemorrhage. One instance 
of elevated prothrombin time was demon- 
strated 6 day’s after the anticoagulant had 
been discontinued, though clinical e\i- 
dence of hepatic or renal dysfunction was 
lacking. There were 6 patients in whom 
effective therapeutic control lapsed for a 
day’ or more without clinically detectable 
vascular mishap. An elderly’ male had an 
apparent extension of his infarction dur- 
ing the 3rd week of his illness when the 
prothrombin time was 39 seconds. Serial 
electrocardiograms gave evidence of a pro- 
gression of the lesion, and the patient 
e.xpired suddenly on the 20th hospital day*. 
Whether there was an extcn.sion of the 
thrombus, or whether ischemic infarction 
wthout thrombosis occurred, could not 
be ascertained. 

Thrombo-erabolic complications were 
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Fig. 2.— Wiiifc male, age C~. Arteriosclerotic heart disease mtli posterior myocardial infarction. 
Complete heart block and persistent S-T shift arc c\ident on the day of death. 


Nine deaths in this group gai’e a mor- 
tality incidence of 12.7% (Table 4). 
Rupture of the heart occurred on the 3rd 
day in a patient 40 years of age. This 
lesion involved a large area of the septum, 
follotving a thrombosis of the right cor- 
onary artery. Extension of the infarction 
'vas the cause of death in 1 instance, and 
pulmonarv embolus was a contributory 


cause in another. The remaining 6 pa- 
tients died of cardiac failure. In 3 of the 
latter, marked shifting of the S-T seg- 
ments persisted until death (Fig. 1 ) 
Complete heart block, associated with a 
posterior lesion, occurred in an elderly 
male who expired on the 10th day (Fig. 2). 
In these patients who came to necrop.sy, 
no mural thrombi were found. 
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Comment. From observations made 
on 71 patients no effort has been made to 
compile statistical data. Though certain 
features were undesirable, it seems that 
this pharmacologic approach is sound. 
The appearance of hemorrhagic compli- 
cations, especially hematuria, was un- 
pleasant; but we can emphatically state 
that serious harm due to the drug did 
not occur. This sole hazard was con- 
trolled by menadione bisulfite. On the 
other hand, in 10 patients 4 days elapsed 
before the therapeutic level was reached. 
Despite this fact, evidence of thrombo- 
embolic complications was not noted in 
this group. Perhaps the most useful pur- 
pose served by dicumarol therapy is pre- 
vention of thrombus formation in pehdc 


and leg vessels, as well as the septal and 
mural areas. The conspicuous low inci- 
dence of thrombo-embolic phenomena 
would seem to justify this conclusion. 

Summary and Conclusions. 1. Dicum- 
arol has been used as the sole anticoagu- 
lant in the management of 71 patients 
with myocardial infarction following acute 
coronary occlusion. 

2. This therapeutic approach is sound. 

3. Daily prothrombin determination is 
mandatory for successful therapy. 

4. Hemorrhagic complications were in- 
frequent and readily controlled. 

5. Due to the low incidence of thrombo- 
embolic phenomena a less stormy convales- 
cent period was insured, justifying tiie 
continued use of this form of therapy. 
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FURTHER STUDIES ON THE ANTICOAGULANTS 


By Carl Reich, M.D. 

ASSOCIATE IN MEDICINE 
AND 

William Eisenmenger, ]\1.D, 

EESIDENT IN MEDICINE 
NEW YORK, NEW YORK 

(From the Lenox Hill Hospital) 


This report embodies a continuation of 
studies on dicumarol and heparin initiated 
at Lenox Hill Hospital in 1943. Since 
that time these anticoagulants have been 
under constant observation at this insti- 
tution. They have been used both for 
the prevention and the treatment of 
thrombotic conditions. Favorable results 
have been described in previous com- 
munications.®-®’^® 

The present series of cases of approxi- 
mately 300 patients can be divided into 
4 main groups: (1) postoperative cases 
treated prophylactically witli anticoagu- 
lants to prevent thrombotic conditions; 
(2) patients ivith active venous thrombo- 
sis; (3) acute embolic episodes, usually 
pulmonary; and (4) cases of coronary 
thrombosis. 

The general technique of performing 
the prothrombin tests has been previously 
described in detail. The prothrombin 
times were reported in seconds and re- 
ferred to normal controls. The normal 
'■alues ranged from 12 to 15 seconds. The 
conversion of prothrombin times to values 
designated as percentage of normal con- 
centration may readily be performed by 
referring to a normal control curve of 
prothrombin times of serially diluted 
plasma.^ 

Wliile it is felt that such a conversion 
is vcr\’- useful in many instances, we 
found it to be simpler, especially for the 
laboratory, and just as satisfactory in 
managing patients on dicumarol therapy, 
to use the direct time. Furthermore, in 
preparing the normal curve, in the pro- 
cess of diluting with plasma another fac- 
tor in the clotting mechanism, namely 


fibrinogen, is reduced as a result, pro- 
thrombin times done on dilute plasma 
will not reflect the true prothrombin level 
of the blood, unless fibrinogen is added in 
the dilution process.^ 

Drugs and Methods of Treatment. 
There have been some changes lately in 
the methods of administering the anti- 
coagulants so that it is best to describe 
the technique in detail. 

Heparin. This substance can now be 
given in 3 different ways, all parenteral 
of course: (a) A 10 cc. vial of heparin 
containing 10 mg, is added to each 500 cc. 
of saline and is administered as a continu- 
ous intravenous infusion at the rate of 
30 drops a minute at the onset. Coagula- 
tion times are carefully done every 4 hours 
by the Lee-^^fln’te method, the object 
being to prolong the coagulation time to 
3 times normal. This can be fairly steadily 
maintained, providing close supervision by 
the nursing staff is available. The main 
objection to this form of administration 
lies in the precise control of the rate of 
flow that is required and this necessitates 
very frequent observjitions. Variations in 
the rate of flow such as can occur with 
different positions of the arm may result 
in extreme variations in the coagulation 
time. 

(b) Heparin (50 to 100 mg.) is injected 
intra\-enously undiluted every 4 to 6 hours. 
One difficulty in this form of administra- 
tion is the inconvenience of the multiple 
injections. .Torpes® who has had consid- 
erable e.xpericnce with this method con- 
siders it safe enough to di.spcnse with the 
usual check of the coagulation time. 

(c) Heparin, 200 to 400 mg. in Pitkin- 
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menstruum, is given in the deep subcuta- 
neous tissues at 48 hour intervals. Loewe^ 
has recently reported on this method. 

Naturally frequent coagulation times 
should be done to check the effectiveness 
of the latter 2 methods of administration. 
The expense of both of these is consider- 
ably greater than dicuraarol therapy and 
hence heparin therapy is merely used until 
dicumarol has taken effect. 

If hemorrhage should occur, heparin of 
course is promptly discontinued and the 
heparin effect will be lost in several hours. 
If the severity of the bleeding necessitates 
prompt treatment the administration of 
whole blood is indicated. 

DicuviaroL Dicumarol is a tasteless, 
odorless, white powder available in 100 
and 50 mg. capsules. Its chemical struc- 
ture is 3,3’-methylenebis-(4-hydroxycou- 
marin) and, as liad been frequently noted 
yet commonly overlooked, its structure is 
very similar to vitamin K. Thus one of 
the synthetic compounds possessing high 
vitamin K acti\-ity is 2-mcthyl, 1,4, naph- 
thoquinone, the structural formula of 
which resembles half of the dicumarol 
formula. 
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administered intravenouslj' in high dosage 
(60 to 120 mg. of water-soluble idtamin K) 
can return toward normal a prothrombin 
time that has been prolonged by dicumarol. 

Before administration of the drug a 
prothrombin determination is done to 
find the patient’s normal blood level. Tiiis 
is necessary to avoid treating cases where 
the production of prothrombin is already 
impaired, such as with diffuse liver dam- 
age, for in these patients small doses give 
e.xcessive effects.'' It is important to note 
the state of the urinary system, for di- 
cumarol is excreted by tiie kidney. With 
primary renal retention as well as with 
diminished renal blood flow, dicumarol is 
retained and unexpectedly prolonged pro- 
thrombin times will result,'® 

After the preliminary prothrombin time 
has been established, 300 mg. of dicumarol 
are given. Daily prothrombin levels are 
done and until the desired range is rcachcfl 
200 mg. are given each day. The object 
is to prolong the prothrombin time to 
twice its normal value. In other words, 
if the normal control is 14 seconds, the 
therapeutic range would be above 28 sec- 
onds. Ideally it would be desirable to 
keep a patient at just above this level, hut 
practically this is not often po.ssible. 
Hence, therapy has to be gtu’dcd mainly 
by the minimal level desired and in an 
effort to keep above this, prothrombin 
levels of 3 or 4 times normal are frequently 
encountered without any particular risk. 

Naturally every patient reacts differ- 
ently to drugs and it is necessary to adjust 
subsequent doses individually. Once the 
therapeutic level luis been reached no 
fiirtlicr drug need be given until the pro- 
thrombin time has dropped below or is 
rapidly decrea'-ing toward this level. Thus 
witii a control prothrombin time of M .sec- 
onds, and that of the patient 35 .eceonds, 
no drug would be given if the latter rejire- 
.sented a rajiidly inerca^iing prothrombin 
time. On the other hand an additional 
lt)0 mg. of drug would be afiministered 
if this refiresenied a rapidly falling pro- 
throjnbin time. This merely rcprivnt.s 
an effort to take into accfiunt the delayed 
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effect of dicumarol, for only by doing so 
can one prevent the drop out of the effec- 
tive range which can readily occur and 
be quite disastrous. One of our patients 
with phlebitis migrans illustrates this last 
point very well, for over a 5 week period 
every time his prothrombin time dropped 
below about 28 to 30 seconds (with a con- 
trol of 12 to 14 seconds) he developed a 
new phlebitis. 

If inadvertently bleeding of a serious 
degree oceurs, a transfusion of fresh blood 
plus 60 mg. of water-soluble vitamin K 
intravenously will raise the prothrombin 
level promptly. The transfusion gives a 
rapid effect, whereas the vitamin K effect 
is not as prompt but is manifested only 
after some hours. Vitamin K administra- 
tion may be repeated several times if the 
circumstances indicate. 

The above is merely the general tech- 
nique of administering dicumarol. There 
are many variations and each person must 
be judged as an indi^^dual as with all 
other drugs. There are some hyperreac- 
tors in whom the administration of 300 
mg. the first day, followed by 200 mg. the 
second, Avill send the prothrombin time 
up to 70 or 80 seconds over the next 
5 days, and there are resistant cases who 
need 200 mg. daily to keep them in the 
therapeutic range. 

The combined use of heparin and dicu- 
marol is frequently indicated, for such is 
the ideal treatment when an immediate 
anticoagulant effect is indicated in a case 
that will also require prolonged effect as 
well. There may be some confusion in 
these cases in estimating the dicumarol 
time and the readings are not solely due 
to dicumarol as long as the heparin is 
given. Therefore it is best to give 300 mg. 
of dicumarol the 1st day and 200 mg. the 
2nd, even if the prothrombin time is un- 
duly elevated, as this is probably an ad- 
ditional heparin effect. If the dicumarol 
is withheld the patient will drop back out 
of the therapeutic range when the heparin 
is stopped and then be in danger of em- 
bolization. 

The heparin is usually discontin\ied at 


36 to 48 hours so that thereafter the 
prothrombin times can again be relied 
upon as indicating dicumarol effect. 

We will now proceed with discussion of 
the different groups of cases and the thera- 
peutic variations indicated in each group: 

1. The Postoperative Prophylactic 
Cases. There were about 200 of these 
and at least 50 % were after pelvic opera- 
tive procedures in women. The others 
were after the usual type of operations and 
there were also some postpartum cases in 
whom there had been a previous history 
of phlebitis. In none of these cases did a 
phlebitis or pulmonary embolism develop. 

The treatment in this group of cases 
was by means of dicumarol. It was started 
2 to 4 days postoperatively and kept up 
until the patient was ambulatorj’’ (about 
7 to 10 days). In ordinary cases the drug 
can be started on the 2nd postoperative 
day, but after operations involving a 
particularly vascular field such as gastric 
resection, prostatic operations, cholecyst- 
ectomy and postpartum cases, it is better 
to Avait 4 days before administering the 
drug. 

The only hemorrhagic manifestation in 
this group were 2 wound hematomata and 
they occurred when the prothrombin 
times were not too unusually high. Also 
occasional episodes of minimal vaginal 
bleeding complicated pelvic cases but 
were not of sufficient degree to interrupt 
dicumarol therapy. We have found dicu- 
marol a safe drug to give with little 
danger of significant bleeding. Naturally, 
the prothrombin times were Avatched 
carefully; in some cases they rose to \-cry 
high IcA'els but no bleeding occurred. 

The results in this group liaA'e been 
most satisfactory. From our oAvn experi- 
ence both past and present as Avell as that 
of other investigators,- it is noAv possible 
by prophylactic use of dicumarol practi- 
cally to guarantee the prcA’cntion of post- 
operatiA'c thromboses. As to Avhetlicr this 
prophylactic treatment should be used 
after all surgical procedures or only after 
those in which thromboses arc more likely, 
as in pelvic operations, is a moot question. 
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Thromboses and pulmonary emboli have 
been known to occur after any operation 
and in persons of all ages. 

Dicuxnarol treatment is safe, the only 
inconvenience to the patient being the 
daily venepuncture entailed in taking the 
blood for the prothrombin determinations. 
This technical procedure and the neces- 
sary laboratory work in doing the tests 
are a small price to pay to ward off the 
uncertainty and cataclysmic consequences 
of a postoperative embolism. 

2. Acute Embolization. There were 
.30 cases of acute embolization tre.ated; 
26 were pulmonary, 3 cerebral and 1 per- 
ipheral. jMost of the pulmonary cases 
were typical, occurring without warning 
between the 7th and 14tli postoperative 
day. In some there was a demonstraljle 
antecedent phlebothrombosis, but in the 
majority there were no signs or symptoms 
pointing to a causative thrombosis. Pro- 
phylactic venous ligation would have been 
useless in many cases as the thrombotic 
focus in those instances was likely pelvic 
in origin, especially in view of the fact 
that most of the pulmonary emboli oc- 
curred after pelvic operations or post- 
partum. 

The typical history of acute pulmonary 
embolism %vns sudden j)ain in the chest, 
rapid shallow difficult breathing, tachy- 
caniia and cyanosis. There was often 
hemoptysis and Roentgen ray examina- 
tion in classicjtl cases .showed an area of 
inf.'irction. This Roentgen ray evidence 
was not always present early in the di.s- 
case and in some ca.ses could not be 
flemonstratcfi at nil. 

Combined heparin and diemnaro! ther- 
apy i< employed in tiic.<e cases berau.se being 
ino-t urgent it is important to get an im- 
mediate antieonpilaiit effect. Therefore 
hejiarin i< injected a.s soon as j>o,-sible. 
Dietimaro! is started at the same time 
ami a.>; soon a.- the prothrombin time indi- 
cate- tii.at tlie patient i- under it.- influ- 
eneT> the hep.-irin can le- .vtoj)f(<-d. Thi- is 
U'tially in to -5^ hour-. To avoid the 
( of hejiarin on tie- prothrornfiin lime, 
b’omi for thi’ determination -lioidd Ih- 


taken after the coagulation time lias been 
allowed to drop toward normal. 

Other treatment for pulmonary embol- 
ism such as oxygen, penicillin and pap.av- 
erine for sedation are used at the same 
time. All of our cases of embolization 
recovered e.xcept 2 which will be described 
in detail. One other case had a subse- 
quent non-fatal embolism while on anti- 
coagulant therapy. These 3 cases arc 
summarized as follows: 

Clinical Notes. Case 1. A 00 year old 
male developed a pulmonarj' embolism, 
18 days after a myocardial infarction. 
Under diciimarol he had no further emboli 
but suffered persistent pain in tlie right 
che.st at the site of the embolus. Ten clays 
later this area of infarction broke down info 
a ptilmonarj' abscess with copious green 
purulent sputum. His tcmj)eratiire persisted 
high and he died 4 days later. 

In this ease it is worthy to note tlint 
rclativol.v small amounts of dicumarol. 
without auy additional drugs, caused lus 
prothrombin time to rise to iinustmlly Idgh 
levels, reaching S.o seconds, and persisting 
there for days. We feel that the signifi- 
cant feature in his sensitivity to the drug 
w.as l)is impaired blood circulation with 
resultant diminished renal oireuhition and 
dicumarol retention. 

C.tsE 20.— A 03 year old male had hron- 
cliicctasis, multiple migrating jihlcbitis and 
several embofie cjiisodes. In tUi- ease it 
wa.« nece.-s ar>’ to kcej) the prothromiiin time 
at eomjiarativoly high level-, .70 to Of) sec- 
ond-, to jirevent further jihlnbiti- and cm- 
bofi. However, in the 10 day jieriod follcv.'- 
ing the attainment of adequate level- an 
area of imlmonarv' infarction broke down 
into a large aii-ce-- and the jiatienf died. 
At antofi-y the jmlinonarj' condition wa- 
eorifirnied and it wa- nl-o found that lie 
had a carcinoma of tlie prmeren.-. Thi- may 
have been a fartfir in tlie pro<li)ction of 
mnltijile jihWiiti-. 

27. A 37 year olr! binale, 7 d.a,'’-' 
j/r-tpartnm iiad a severe puhnonary eriihob 
i-m on lier I-f ambnl.atorv' d.ay and witbm 
21 hour- she li.ad another similar ejii-'i'h'. 

At tkat jriciir.t cornhined heparin and dic.irr.- 
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arol treatment was started. Two days later 
vaginal bleeding which had never com- 
pletely disappeared since the delivery be- 
came a bit more profuse due to the anti- 
coagulant therapy, and some pituitary ex- 
tract was given. It is impossible to saj’" 
whether this is merely coincidental, but 
shortly after its administration another 
embolic episode of less severe degree oc- 
curred. Earlier she had shown signs of a 
minimal phlebitis in her left caK and on the 
possibility ’that this was the source instead 
of her pelvic veins, a superficial femoral 
ligation was performed, the vein revealing 
no thrombosis at the time of operation. 
At any rate, whatever the source she had no 
further complications. 

The following case is also of interest. 

Case 24. A 64 year old female suffered 
from a peripheral arterial embolus involving 
the lower extremities. Dicumarol was given 
but amputation could not be avoided. At 
operation there was no excess bleeding 
despite the fact that the prothrombin time 
was twice normal. 

This again illustrates that the fear of 
bleeding from the use of dicumarol is 
often exaggerated. Nevertheless, if sur- 
gery is contemplated in a patient under 
the influence of dicumarol it is best to 
inject 120 mg. vitamin K by vein a feAv 
hours preoperatively as a precautionary 
measure. 

3. Phlebitis. There were 45 cases of 
thrombophlebitis, which included both 
deep and superficial phlebitis. For our 
purpose it is not necessary to separate the 
superficial from the deep cases as the ther- 
apy is usually similar. TSventy of the 
cases were postoperative patients who had 
received no prophylactic anticoagulant 
treatment. Of these 20 cases, 15 were 
women who had undergone pelvic opera- 
tions or childbirth. This again empha- 
sizes the increased tendency to thrombosis 
after pelvic surgery or parturition. The 
other 25 cases of phlebitis were associated 
with the usual Avell-known etiologic factors. 
A few are worthy of mention. Three were 
after trauma to the leg, one was after 
several infusions witli protein hydroly- 


sate, and another associated with a severe 
case of polycythemia, wdiile another was 
in a young patient recovering from infec- 
tious mononucleosis. 

We shall discuss one case in detail, a sit 
is very unusual from various standpoints. 

Case 64. A 42 year old white male was 
admitted to the hospital with the diagnosis 
of a deep phlebitis of the left leg. Dicumarol 
was administered in the usual manner. 
During the next 5 weeks, every time the 
prothrombin level fell to below 30 seconds 
another vein became involved. This was 
evidently a case of tliromboplilebitis migrans 
and as these are often associated with neo- 
plasms, an effort was made to find such a 
focus. Chest Roentgen rays were taken 
and a biopsj’' of some slightlj’- enlarged 
lymph nodes in the right side of the neck 
was done. A lesion was found in the lungs 
and the biopsy showed adenocarcinoma, 
primary site undetermined. Eventually the 
deep superficial veins of both legs, both 
arms, the right external jugular and the 
veins of the penis became mvolved. To 
prevent any further involvement it was 
decided to take the risk of keeping him at 
high levels. These averaged 80 seconds for 
about 6 weeks and during tliis period there 
was no further venous thrombosis. Then 
for a month at normal levels he had no 
further tlirombosis. It is interesting to note 
that at the time of the right cervical biopsy 
the prothrombin time was 87 seconds with 
a control of 14 seconds, and yet there was 
no abnormal bleeding. The patient returned 
home and in 2 months died suddenly. 

The treatment of phlebitis is by dicu- 
raarol rather than heparin as there is no 
necessity for urgency, except in a severe 
acute case. Additional measures tliat 
seemed of value^are papaverine, I gr, 
every 4 hours for pain, a cradle, elevation 
of the leg, and continuous hot wet dress- 
ings. Under dicumarol the average case 
of phlebitis lasts about 7 days. As soon 
as the inflammation subsides and the 
temperature is normal, the patient is al- 
lowed out of bed. An ace bandage is worn 
for several weeks after ^ecover^^ If infec- 
tion associated with the phlebitis is severe 
and the temperature persists, sulfonamides 
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and aii(il»ioti(\s can ix' used as indiVatcd, 

III none of onr cases so treated were 
there any pninionary einlioli. Tiie unfor- 
tnnate (liitifc aliont phleliitis is tiiiit once 
an entire vein lieenines ini-olved some 
residual edema often remains. Ily the 
/u'ompl ii.se of tlie antieoa/jnlant.s, throm- 
bosis can be restricted to just one.scfrment 
of the vein and often the collateral circu- 
lation is .sufficient to prevent lymjihatic 
stasis. 

4. CouoN.MiY .Vinr-itv Di.si:.\sf;. There 
were 30 eases of coronary artery disease 
treated with dicuiuarol; 24 of these were 
typical coronary occlusions with myocar- 
dial infarction. Of tl.e.sc, 4 died; 2 of 
progressive failures, 1 after having .shown 
clinical and electrocardiographic evidence 
of progressive myocardial damage, and 
1 in wiiat seemed to be an acute new 
coronary eiiisode. No one, however, had 
either pulmonary or coronary insufiicicncy. 
It is interesting that 1 of these latter cases 
who had a long history of coronary insuffi- 
ciency, manifested by anginal attacks and 
ECG ci'idence of myocardial damage, suf- 
fered what apiiearcd to be clinically an 
acute coronary attack while on adecpiatc 
dieumarol therapy. She died before 15CG 
confirmation could be had and unfortu- 
nately postmortem examination was not 
permitted. 

A few cases will be presented to illus- 
trate salient points. 

Case 1. A 57 year old male was treated 
uneventfully with dicuriiarol for 5 weeks 
when he developed a sudden profuse hemor- 
rhage from the lower bowel. The prothrom- 
bin time oddly enough had dropped to less 
than 30 seconds before the hemorrhage oc- 
curred, a level at which no other bleeding 
manifestations have been noted here. He 
was given a blood transfusion and 120 mg. 
“hykinone” and recovered uneventfully. 

Case 3. A 74 year old male developed 
what appeared to be a progressive coronary 
involvement while under adequate dicum- 
arol therapy. The ECG suggested a new 
infarction when the prothrombin time was 
40 seconds with a control of 13 seconds. 
With this new episode he went into failure 
which persisted until his death, several days 


Infer. During this time the jirothrombin 
time.s readied unexjiectedly high level.s, 
75 seconds, with ininiiual dosage, wherc,as 
jirevioiislv he find a fairly .stcarh’ mainte- 
nance on normal do.sage. 

Case 4. A .53 year old male was doing 
Well miller diciimarnl when he developed 
a .sudden recurroiiec of substcrnal distress, 
2.5 (lays after his original coroiiaiy episode. 
He went into shock, hecame cyanotic and 
died. .Autopsy wa.s refti.scd. This u'a.s jiro!)- 
alily another coroiiar.' episode,' thougii a 
inilmoiiary infarction cannot bo definitely 
excluded. 

('aki; !>. A oG year old male who was a 
postoperative prostatectomy developed a 
typical coronar}' ei>i.sodc. lie was started 
with ,300 mg. dieumarol and then given 
another 300 mg. by mistake. One-iialf iiour 
later he was treated by gastric lavage, but 
in spite of tbi.s bis prothrombin time rose 
to 17G seconds, 3 days after the initial dose. 
He bad no bleeding and rcsjiondcd promptly 
to ISO mg. of liykinone. Subsequently he 
was quite sensitive to dieumarol, but under 
careful mnnngomont remained in good con- 
trol. This case illustrates the fact that bleed- 
ing docs not always occur even tliough the 
prothrombin time is very much prolonged. 

Tims while this group is too small to 
present any definite conclusions, the im- 
pression given is that the main usefulness 
of anticoagulant therapy in coronary 
artery disease is in the prevention of em- 
bolization either from peripheral vein or 
cardiac mural thrombi. Tliis conforms 
with the impressions of others."'® Al- 
though in most of the cases of coronary 
artery disease no further acute cardiac 
episodes occurred while under the influ- 
ence of anticoagulants, it was neverthe- 
less observed that a small proportion 
definitely had second episodes. This sug- 
gests that anticoagulants are unable to 
influence the further development of a 
coronary thrombosis where the degenera- 
tive artery disease is sufficient!}^ advanced. 
Thus whereas the anticoagulants are m 
no way able to prer’^ent acute coronaty 
episodes they can ner'ertheless aid m 
prolonging the life of these patients, by the 
prevention of secondary embolization. 
This alone would make their use in cases 



KEiCH, eisenmenger: studies on the anticoagulants 


623 


of coronary disease worthwhile. It has 
been our observation that some patients 
with coronary disease are unduly sensitive 
to dicumarol but this was only in cases 
complicated by quite marked cardiac fail- 
ure. The majority of the cases manifested 
an acute coronary episode without any 
prolonged shock state and without any 
obvious degree of congestive failure, and 
these showed no unusual sensitivity to 
dicumarol. Presumably the increased 
sensitivity in cases of congestive failure 
is due to the decreased renal blood flow 
and secondary retention of dicumarol 
which is normally excreted by the kidneys. 


Summary and Conclusion. From an 
analysis of our previous reported studies 
on anticoagulants dating back to 1943 and 
our present series of 300 cases we can 
summarize as follows: 1. Postoperative 
venous thrombosis and pulmonary embol- 
ism can definitely be prevented in all 
cases bj”- the prophylactic use of anti- 
coagulants. 

2. The treatment of established throm- 
botic conditions by means of anticoagu- 
lants is effective and safe. 

3. In coronary artery disease the main 
value of the anticoagulants is the preven- 
tion of complicating embolization. 


REFERENCES 

1. Aggeler, P. M., Howard, J., Lucia, S. P., Clark, W., and Astaff, A.: Blood, 1, 220, 1040. 

2. Allen, E. V., Hines, Jr., E. A., Kvale, W. F., and Barker, N. W.: Ann. Int. Med., 27, .371, 
1927. 

3. Deutsch, H. F., and Gerarde, H. W.; Biol. Chem., 1, 166, 381, 1946. 

4. JoRPES, J. A.: Ann. Int. Med., 27, 361, 1947. 

5. Loewe, L.: Am. J. Med., 3, 447, 1947. 

6. Peters, H. R., Guyther, J. R., and Brambel, C. E.; J. Am. Med. jVssn., 130, 398, 1916 

7. Quick, A. J.: The Hemorrhagic Diseases, Springfield, 111., Charles C Thomas, 1942. 

8. Reich, C.: New York Med., 1, 4, 1945. 

9. Reich, C.; Surgery, 18, 238, 1945. 

10. Richards, R, K., and Steggerda, F. R.: Proc. Soc. Exp. Biol, and Med., 62, 358, 1913. 

11. Shapiro, S., Redish, M. H., and Campbell, H. A : Am. J. Med. Sci., 205, 808, 1913. 

12. Woolley, D. W. : Harvey Lectures, p. 189, 1945-46. 

13. Yahr, M. D. Reich. C.. and Eggers. C.' Surg.. Gynec. and Ohst.. 80, 015, 1915 



HAS METHIONINE A PROTEIN SPARING EFFECT IN ACUTE 
INFECTIOUS HEPATITIS?* 
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(From the Ilcktoen Institute for Medical Ue-earch and the Deitarlmcnls of FnthnloKj'. Surpery. Medi- 
cine and Therapeutic.s of the Cook County Hospital; l)ei>artment.s of I’atholopj' and Furpery, Kortii- 
wostorn University School of Medicine; Department of Internal Medicine. University of Illinois) 

Two bn.sic action.s of inctliionine Itnvc protein .syntliesis. If patients with viral 
been establishetl. I5y providing labile liepatiti.s were given protein in an amount 
methyl groups, it acts as a lipotropic agent to keep them just below nitrogen cqtiiiib- 
instrumental in the removal of fat from rium, the athlition of methionine would 
the liver'®ds.i(! and by supplying sulphydryl bring them into positive nitrogen balanec. 
groups, it aids in the deto.xification of liver if significant amounts of methionine had 
poisons.®'’® As a result of these activities, been u.scd for purposes other than protein 
it has been ascribed a therapeutic effect in formation, f. c., methionine deficiency was 
liver disease. There is well-established present. Demonstration of methionine 
evidence that nutritional experimental deficiency in infectious hepatitis would 
cirrhosis or necrosis produced by low pro- thus indicate a rationale for methionine 
tein diet can be improved by treatment therapy in this condition, 
vdth methionine.’®'”'®® Furthermore, pro- The role of methionine in protein metab- 
tection against experimental liver injury oHsm has been thoroughly investigated. It 
has been provided by this substance.®®-’® was shown that methionine was a key amino 
In human cirrhosis, methionine is of proven acid in the regeneration of serum protein 
value, at least if the liver is large.® In in adult dogs.®’ It has a protein sparing 
toxic hepatitis caused, for example, by car- effect in dogs on a low protein diet®-' ®' 
bon tetrachloride, methionine seems to be or in burned rats on a normal diet.® In 
beneficial.’'"'’® Its therapeutic effect in man, however, either healthy®® or after 
infectious hepatitis of the viral type, how- operation’® methionine supplementation 
ever, is questionable.’’’’’®-’® did not significantly influence nitrogen 

It is extremely difficult to obtain infor- balance. A recent extensii'e study’ estab- 
mation concerning the therapeutic effect lished a difference between the human 
of any procedure in viral hepatitis because being and animals in methionine require- 
of its erratic, unpredictable course. To ments as well for growth as for nitrogen 
answer this question, therefore, another balance. In 3 patients vdth p,vloric ob- 
approach, based on nutritional theories, struction, to whom casein hydrolysate 
may be taken. Methionine used either for was given intravenously, in 2 infants and 
lipotropic activity or provision of sulphy- in 10 volunteers who received the same 
dr 3 d groups is obviouslj" not available for preparation bj’ mouth, the addition of 

* Supported by a grant from the Biochemical Division of Interchemical Corporation, Union, New 
Jersey. 
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the methionine produced no significant 
changes in growth or the nitrogen require- 
ments. 

Material and Method. Four patients with 
moderately severe infectious hepatitis reveal- 
ing the characteristic clinical symptoms and 
lalDoratorj'^ findings represented the material 
of this study. During the height of the dis- 
ease they were transferred to a metabolic 
unit where the}’^ remained for 19 to 25 days. 


hour samples; stool and urine were examined 
for nitrogen by a modified micro-Kjeldhal 
method .2“ 

The basic diet consisted of carbohydrate 
beverage, cereal of low nitrogen content, 
coffee, sugar and fruits. The total amount 
of nitrogen provided by this diet was below 
600 mg. per day. For the individual patients 
the intake was kept constant during the en- 
tire experimental period. In the nitrogen 
balance calculation, it was not taken into. 


3390 cc 3077 Plasma volume 3033 c.c i653 cc 
ISS^m 162 Total circulating prote\t\ 153 ^ta 146 ^m. 

6 87 ^m. 94 Total circulating albumin 102 95 
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^Methionin^ Control ^Methionine_j_ ^Control 
5^ms/day/os period S^ms/day/os period 


Days' 


1 2 3 4 5 6 7 6 9 10 n 12 13 14 15 16 17 16 19 20 21 22 


Fig. 1. — Results of studies in a 23 year old white male who entered the hospital after 1 week of pro- 
dtomal symptoms (anorexia, nausea, vomiting, abdominal pains, and frequent stools) and 2 weeks of 
jaundice. Tlie liver was 3 fingers below tlie riglit costal margin. Spleen was not felt. The experiments 
started 16 days after the outbreak of jaundice. Tlie rccovcrj- was uneventful and the patient was dh- 
chargcd 10 days after the end of the experiment. 


Various liver function tests were performed 
periodically. In addition to blood counts 
and urinalyses, plasma volume was deter- 
mined according to the method of Greger- 
son.” During their stay in the metabolic 
miit, they were under continuous superwsion 
as to guarantee reliable urine and stool 
collection. The urine was collected in 24 


consideration. Further experimental details 
are given elsewhere.-’ 

Practically the entire nitrogen require- 
ments were provided by a modified protein 
h}’'drolj'sate.* The material was available 
as a dried powder in 750 cc. flasks and con- 
tained the cs-sential amino acids in more than 
adequate amount. The ability of this prepa- 


Elamino Lyophilizcd, provided by Intcrchemical Corporation, Union. New Jersey. 
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ration to ijiocUice nitro^'oii balnnco, if Kiven 
infraveiioiiply as main soiirco of nitrogen, 
liacl licen inovon previously In lliisexpcri- 
inent, it was administered orally in foods or 
(irinks. Two iiatients received amounts 
which were dtTmitely inadcfiuatc, namely, 
O.d gm. of amino acids per kg. body weight, 
and 2 received amounts approximately adc- 
({uato, namely, 1.2 and l.-ll gm. per kg. body 
weight. During the oxi)erimcntal period, 
gm. metliioninct (or for comj)arison, a.s a 
matter of convenience, during 1 period, 5 gm. 
lysinet) were gi\'cn orally in 3 doses during 
file day. Tiie experimental jieriods lasted 
5 to G days and were preceded and followed 
by control periods of various lengths. 


Results. The clinical condition of all 
d patients improvcfl significantly during 
the exjicrimcnt and the liver function tests 
returned to normal (Figs. 1, 2, 3, 4). The 
amounts of nitrogen given did not seem to 
influence this process of recovery. The 
nitrogen excretion rei’c/iled a tendency to 
rlccrcasc during the entire e.vpcriment. 
Thi.s resulted in a gradual approach of 
nitrogen ecpiifibrinm or even positive bal- 
ance in the 3 patients in which there was 
niarkcd_.negativc nitrogen balance at the 
onset. In the 1 case, in which the nitrogen 
balance was positive already at t'/ie onset 


JLili tt Plasma volume 2105 co. 2501 cc. 
M95fm. Total cirtulatin? prelun 152 fm. 169 

685^ Total circulating albumin Ill.S^nv Ilt9^m. 
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Fig. 2. — Results of studies on an IS 5 ’ear old colored female who entered the hospital after I week of 
prodromal syzaptoms (malaise, anorexia and occasional vomiting) and 2 weeks of jaundice. The liver 
and spleen were both 2 fingers below the costal margin. There was a secondary anemia (R.B.C., 
3.72 million; H.B„ 53; W.B.C., 7000 with 60% polys). The experiments started on the ISth day 
after outbreak of jaundice. Because of delas'ed recovery the patient was discharged 4 weeks after the 
end of the e.vperiment. 


t Proidded in 0.5 gm. tablets (Neonine) by W 5 'eth, Inc., Philadelphia, Pennss’lvania. 
i Provided as powder b 5 ^ Interchemical Corporation, Union, Nea- Jersey. 
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of the experiment it markedly increased 
when the patient recovered. 

The supplemental feeding of methionine 
did not significantly influence this process 
of gradually improving nitrogen balance. 
Even the 2 patients who received inade- 
quate amounts of nitrogen and who were 
fed methionine, when the nitrogen balance 


were daily variations in the nitrogen bal- 
ance partly due to variations of the fecal 
nitrogen excretion. However, averages 
taken of the total methionine period as 
compared to control periods, did not prove 
a significant nitrogen sparing eff’ect of 
methionine. 

The addition of lysine in 1 feeding period 


30-47 cc Plasma volume 

3l2.0rri Total circulating protein 

170 ^m. Total circulating albumia 


3333 c c 
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Fig. 3. — Results of studies on a 23 year old colored male who entered the ho'-jiital after 3 days of 
prodromal symptoms (lumbar pain, nausea, vomitinp, epigastric fullne.'s and dark urine). Liver and 
spleen were not palpable. The experiment started on the 7th day of jaundice and the patient nas dis- 
charged recovered at the end of the experiment. 


was approaching equilibrium, failed to re- 
spond. "When the feeding Avas discontin- 
ued, the following control period revealed 
ui all 4 patients the same general trend 
towards a positive nitrogen balance as 
during the methionine feeding. There 


did not alter the general trend of the nitro- 
gen balance nor tvas any change e.vpected. 

In the 2 patients recci\'ing adequate 
nitrogen supply, the concentration of ser- 
um protein and albumin rose during the 
recovery; in the 2 other cases, with in- 
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adequalt' nitrogen supply, it (iropjied more 
or less markedly. In 2 of *1 eases (1 with 
adecpiate and 1 witli inadecpiate nitrogen 
supply), tlie plasma volume deereased. 
In the one with adetpiate sujiply (Fig. 1), 
the rise of the serum albumin con- 
centration resulted in an inerease of 


^%■eight gain; a slight rise in the total serum 
j)rotein and a more marked one in the 
.serum albumin was mirrorerl in an cleva- 
fioti of the eireiilating protein and albu- 
min. In 1 patient receiving inadequate 
nitrogen supply (Fig. 4), the plasma vol- 
ume increased despite the weight loss. 
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Fig. 4. — Results of studies on a 39 year old colored male ivho entered the hospital after 26 days of 
prodromal symptoms (anorexia, malaise, weight loss) and 2 weeks of jaundice. The liver was 3 fingers 
below the costal margin. The experiment started on the 15th day after outbreak of jaundice. The 
patient was slow to recover and left the hospital 4 weeks after the end of the experiment. 


the total circulating serum albumin 
compensating for the reduction of the 
plasma volume. In the other patient who 
received an insufficient amount of protein 
(Fig. 3), the total protein concentration 
decreased, despite the reduction of the 
nitrogen excretion and both circulating 
protein and albumin markedly diminished. 
In the other patient receiving adequate 
amounts of nitrogen (Fig. 2 ), the plasma 
volume remained almost constant despite 


The former caused a marked rise in total 
circulating protein and albumin, although 
their concentration dropped slightly. The 
total circulating hemoglobin ran, in gen- 
eral, parallel to the just described changes. 

Comment. According to the presented 
e.xperiments, methionine has no protein 
sparing effect in patients with infectious 
hepatitis. This is in contrast to the ob- 
servations on dogs and other animals and 
in keeping with experiences on human 
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beings without liver diseases. A protein 
sparing effect is absent even in patients 
with markedly insufficient nitrogen sup- 
ply, in which condition the sparing effect is 
outspoken in dogs.^® It has been stated 
that hair formation in the furred animals 
is the main reason for their difference from 
the human in the methionine effect. 

The fact that methionine, which is well 
utilized by patients ^vith hepatic diseases,®^ 
has no protein sparing effect in infectious 
hepatitis offers circumstantial evidence 
against methionine deficiency in this con- 
dition, at least on the basis of current 
nutritional theory. Under the given ex- 
perimental circumstances methionine be- 
comes the limiting amino acid for protein 
formation if it should be utilized for other 
purposes too. If this reasoning is accepted, 
our studies do not provide an indication 
for methionine therapy in infectious hep- 
atitis. It should be stressed that none of 
the examined cases were of the severe fatal 
type of hepatitis and also that obviously 
no conclusion should be drawn as to toxic 
hepatitis or cirrhosis. 

If the methionine supplementation is 
disregarded, a general decrease of the nitro- 
gen excretion is noted during the recovery 
stage of infectious hepatitis. This decrease 
indicates an increased nitrogen excretion 
and greater nitrogen requirements (catab- 
olic assault®^) during the height of the dis- 
ease, as similarly found in other severe 
diseases. In the recovery stage, the nega- 
tive balance decreases which in the face of 
constant nitrogen intake amounts to de- 
creased nitrogen excretion. This decrease 
occurs with both adequate and markedly 
insufficient nitrogen supply' though it is 
more marked in the former condition. 
Nevertheless, in acute hepatitis low nitro- 
gen supply does not necessarily prevent the 
return of the nitrogen metabolism to nor- 
mal during uneventful recovery. This 
docs, however, not militate against the 
well-established fact that high protein sup- 
ply may hasten recovery from hepatitis.* 

In general, improvement from hepatitis 
IS associated with a reduction of the ])lasma 
volume which increases during the height 


of the disease.®® During recovery also the 
diuresis markedly increases.^'®® The in- 
crease in plasma volume and the oliguria 
are apparently caused by insufficient hep- 
atic detoxification of an antidiuretic prin- 
ciple produced by the pituitary.®® 

Two of the examined cases showed this 
decrease in plasma volume; in a third, it 
did not change significantly, whereas it 
rose in the fourth. The changes in the 
plasma volume were apparently not re- 
lated to the adequacy of the nitrogen in- 
take. The total circulating plasma pro- 
teins showed in the recovery stage from 
aeute hepatitis peculiar trends. They did 
not necessarily drop with decreasing plas- 
ma volume because of the increase of tlie 
plasma concentration, especially when 
adequate amounts of nitrogen were pro- 
vided. On the other hand, with increase 
in plasma volume, they rose despite de- 
creasing serum protein concentration. In 
general, increased plasma protein concen- 
tration is associated with increa.se in 
plasma volume. However, in recovery 
from acute infectious hepatitis this rela- 
tion is disturbed because of reduction in 
plasma volume simultaneously with in- 
crease in plasma protein, the latter depend- 
ing on the protein nutrition. The result 
of these divergent components are irregular 
trends of the total circulating protein. It 
is not clear whether these trends have 
physiologic significance. In contrast, the 
variation of the protein concentration was 
in apparent relation to the protein intake. 

Summary. 1. Oral supplements of mc- 
tliionine to 4 patients vdth acute hcjoatitis 
(2 with adequate and 2 with inadequate 
nitrogen supply) failed to influence .sig- 
nificantly their nitrogen balance. 

2. The lack of a protein sparing effeet 
in infectious hepatitis refuted the idea of 
a methionine deficiency which may be 
due to use of methionine for lipotropic or 
detoxifying activity. 

3. During the recovery from infectious 
hepatitis, there is a gradual decrease of 
the nitrogen excretion indicating the dis- 
appearing catabolic assault which occurs 
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during the height of tl>e disease. Tlie 
trend for improvement of tiie nitrogen 
balance occurs also with markedly insufli- 
cient nitrogen supply. The latter did not 
prevent recoverv from the disease. 

4. In 2 cases the plasma volume de- 
creased during the recovery from hepat- 


itis. The circidating plasma proteins 
revealed independent variation since the 
rise of the protein concentration can com- 
pensate for it. The jwotcin concentration 
itself, however, seemed in the e.xamined 
cases to depend on the adequacy of the 
nitrogen supply. 


REFER KN’CES 

1. ADi.KRsnKRG, D.. nnd Fox, C. L.: Ann. Int. Med., ID, 0)2, 1DI3. 

2. AT.L 1 SOS, S. 1?., Andkiison, .1. A., nnd .Snr.i.r.Y, R. 1).: .1. Xutr.. 33, 301, 1917. 

3. Bauker, M. II., C\vr», R. B., nnd Ai.i.en, P. W.; .T. Am. Med. As-'ii., 129, 053, 1915. 

4. Beattie, J., nnd MAUSitAi.l., .1.: Nnlurc, London. 1G3, 525. 1914. 

6. Beams. A. .1., nnd Endicott, E. T.: Gn.strocnteroloiy, (9. "IS. 1947). 

6. BnUNsemvio, A., Niciiot.s, S., Bigelow, R. R., nnd Miles, .i.; .Vrcli. Pntli., 40, SI, 1915. 

7. Brush, N., IVillman, tV., nnil Swanson. P. P.: J. Kutr., 33, 3S9, 1917. 

8. Cox, IV. ^i., Mueller, A. J., Elman, R., Alranese. A. A.. Kemmerer, K. S., Barton, R. IV., 
.md Holt, L. E.: J. Nutr., 33, 437, 1947. 

9. Croft, P. B., nnd Peters, R. .A.; Lnncet. 1, 200, 1915. 

10. DuVigneaud, V.: Hnrvcy Lectures, 38, 39. 1912 43. 

11. Eddy, J. 11.; Am. J. Med. Sci., 210, 374, 1915. 

12. Eddy, J. H.; J. -Am. Med. .A.^sn., 128, 991, 1945. 

13. Fagin, 1. D.. Sahyun, M., nnd Pagel, R. AV.; J. Lnb. nnd Clin. Med., 28, 9S7. 1913. 

14. Greoerson, M. j.; J. Lnb. nnd Clin. Med., 29. 1200. 1914. 

15. Gy'orgy', P., nnd Goldrlatt, II.; J Exp. Med., 76, 355, 1942. 

16. Gyorgy', P.; Am. J. Clin. Path., 14, 07, 1911. 

17. Higgins, G., CBrien, J. R. P., Peters, R. A.. Stewart, .A., nnd Witts, L. J.; Brit. Med. J.. 
1, 401, 1945. 

18. Himsworth, H. P., nnd Gly'nn, L. E.; Clin. Sci., 6, 133, 1944. 

19. Hoaoland, C. L., nnd Shank, R. E.; J Am. Med. Assn., 130. 015, 1040, 

20. Hoffman, W. S., nnd Osgood, B.; J. Lab. nnd Clin. Med., 26, S4C, 1940. 

21. Hoffman, W. S., Kozoll, D. D., Mok, W. T., Meyer, K. A., nnd Popper, IL; J. Lab. and Clin. 
Med., 33, 280, 1948. 

22. Johnson, R. M., Deuel, H. J., Jn., Morehouse, M. G., and Mehl, J. W.; J. Nutr., 33, 371, 
1947. 

23. Jones, C. M., and E.aton, F. B.; New England J. Med., 213, 007, 1935. 

24. Kemmerer, K. S., and Heil, G. P.; Proc. Soc. Exp. Biol, and Med , 44, 122, 1940. 

25. Labby, H. E., and Hoagland, C. L.; Proc. Soc. Exp. Biol, nnd Med., 03, 110, 1940. 

26. Lillie, R. D., Daft, F. S., and Sebrell, W. H.; Pub. Hcnlth Rep., 66, 1255, 1941. 

27. Miller, L. L.; J. Biol. Clicm., 162, 003, 1944. 

28. Miller, L. L., and Whipple, G. H.; J. Exp. Med., 76, 421, 1944. 

29. Miller, L. L., Rogers, C. A., Lamson, B. G., nnd Lambie, M. W.; Am. J. Med. Sci., 214, 84. 
1947. 

30. Miller, L. L., Rose, J. F., and Whipple, G. H.; Am. J. Med. Sci., 200, 739, 1940. 

31. Peters, G. P.; Ann. New York Acad. Sci., 47, 327, 1940. 

32. Ralli, E. P., Robson, J. S., Clarke, D., and Hoagland, C. L.; J. Clin. Invest., 24, 316, 194e. 

33. Riegel, C., Koop, C. E., and Grigger, R. P.; Proc. Soc. Exp. Biol, and Med., 62, 7, 1947. 

34. Wheeler, J. E., and Gyorgy-, P.; Studies of Urinary Excretion of Methionine by Normals 
and by Patients Having Lix-cr Disease, Am. J. Med. Sci., 215, 207, 1948. 

35. Wilson, C., Pollock, M. R,, and Harris, A. D.; Brit. Med. J., 1, 399, 1945. 



ON THE SIGNIFICANCE OF ABNORMAL FORMS OF 
THE BALLISTOCARDIOGRAM 

A Study of 234 Cases With 40 Necropsies 
By Isaac Starr, B.S., M.D. 

PEOFESSOE OF THERAPEUTIC RESEARCH 
AND 

Robert L. Mayock, B.S., M.D. 

INSTRUCTOR IN MEDICINE 
PHILADELPHIA, PENNSYLVANIA 

(From the Department of Therapeutic Research and tlie Department of Medicine, University 

of Pennsylvania) 


As experience with the ballistocardio- 
graph accumulated, reports have been 
made concerning the clinical conditions 
in which certain ballistic abnormalities 
were encountered. Thus an analysis of 
the first 100 cases in which the resting 
circulation was abnormally small was pub- 
lished in 1940,“ and a similar study of 
the first 100 cases in which the circulation 
was abnormally large appeared in 1943.^^ 
The great majority of these estimates 
were made by calculations from the ballis- 
tocardiograms, so that these studies con- 
tained an account of the clinical conditions 
in which we encountered ballistocardio- 
grams normal in form, but abnormal be- 
cause their amplitude was either too large 
or too small. 

It was planned to make a similar study 
of the first 100 cases whose ballistocardio- 
grams were abnormal in form, but the 
war intervened before this could be accom- 
plished. During the war it was possible 
to take ballistocardiograms of interesting 
cases from the hledical Division of the 
University Hospital, especially from rvard 
patients under the charge of the senior 
author, so the study was continued, but 
'var duties prevented an analysis of the 
material assembled. By the return of 
peace, ballistocardiograms abnormal in 
form had been encountered in 234 cases. 
These ballistocardiograms have been re- 
studied and classified according to the 
type of abnormality encountered, and the 
hospital records of the patients have been 
analj-zcd in order to discover the clinical 


conditions in which such abnormalities 
were commonly found. 

In 40 of these patients with abnormal 
ballistocardiograms, necropsj’^ was later 
performed. Comparison between ballisto- 
cardiograms, patients’ records and necrop- 
sy findings has added signally to our 
knowledge of the significance of abnormal 
records. 

To summarize our findings, records ab- 
normal in form were found chiefly in 
persons either Mth heart disease manifest 
by the usual clinical methods, or in condi- 
tions in which cardiac complications are 
known to be frequent. Improvement in 
form was usually accompanied by otlier 
ewdence of obvious clinical improvement 
and vice versa. 

^ATen a patient with a ballistocardio- 
gram abnormal in form came to necropsy, 
abnormalities of cardiac structure were 
present with few exceptions. 

Technique. The ballistocardiograms were 
taken according to our usual technique,” 
after a 15 minute rest period in the horizon- 
tal position, and never within 2 hours after 
a meal. 

Abnormal forms occurring in ballistocardi- 
ograms taken in the standing position will 
be discussed only briefly in this paper. 
These records were secured after the subject 
liad arisen from the horizontal table and 
stood for about 21 minutes on the vertical 
ballistocardiograph . 

Pulse records were taken in a few ca^es. 
using a convex tambour over the brachial 
artciy connected with a Frank capsule. 
The light beam was directed into the ballisto- 
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cardioffraiili camera. Electrocardiogram.";, 
usually Lead I, were taken on tlie same film 
in manj’ cases. 

The patients were drawn cliicfly from the 
rooms and wards of the University Hospital. 
A few out-patients were tested. 

The Jdcnlification of Ahuormalilics of Form. 
\\nien inspecting ballistic records one must 
always remember that any muscular move- 
ment may affect the record, so artefacts arc 
frequent. A single abnormal complex, no 
matter how intriguing its form, is not note- 
worthy because the chances arc overwhelm- 
ing that the patient made a movement which 
distorted the record. Only those abnormali- 
ties which are regularly repeated arc worthy* 
of attention. 

Before an abnormal complex can i)c identi- 
fied the normal form must be knomi. Ex- 
perience with almost 3000 records in medical 
students and other healthy young adults 
has permitted us to define it with confidence; 
an example is given in Figure 1-a and other 
examples can be found in our prenous publi- 
cations. Line drawings of normal and abnor- 
mal records have also boon published.’’ ” 

In normal records, near the beginning of 
QRS on the electrocardiogram, there is a 
small upward deflection, the H wave. Then 
at or shortly after ejection tlie record is 
sharplj' deflected domiward, the I wave. 
This is immediatelj’’ followed by a sharp 
upward deflection, the J wave, which far 
exceeds H in height and is the dominant 
peak on the normal record. This is followed 
in turn by the second downward deflection, 
the K wave, wliich usuall}" approximates 
the I wave in depth. The lines connecting 
the peaks of H, I, and J are nearlj^ straight; 
notches or slurs are not seen. But JK, 
straight in most records, may be interrupted 
by a conspicuous notch when the heart rate 
is unusually slow. 

Measured from the base line, the area of 
the J wave far exceeds that of anj' other 
deflection in the normal record, being usu- 
ally about tnnee the area of the preceding 
I wave. 

The normal ballistocardiographic pattern 
during diastole is more variable. No war^es 
approacliing the amplitude of I, J and K are 
seen. A ripple is usually present and the 
second upward wave (N) is often higher than 
the first (L) as in the example given in 
Figure 1-a. 

The waves varj’ in height with the phases 


of the rc.spiratory cycle, incre.asing during 
inspiration."’ 

Tiicsc ballistic waves arc a record of re- 
sultants of forces derived from the heart” 
and their size co\dd be expressed numerically 
in dyne-.seconds. Wc do not believe, how- 
ever, that the time 1ms come for a detailed 
numcric.al description of the record’s shape. 
The abnormal forms of which wc wish to 
speak can be recognized at a glance, iniile 
doubtless careful measurement would dis- 
close deviations from the normal which we 
now mis.s, in this stud}’ we wish to direct 
attention to abnormalities of form so gross 
that they can be easily detected by inspec- 
tion alone. 

Wc lia^’c paid particular attention to 
abnormalities of the I and J waves, which 
abnormalities seem to be the commonest 
and most important types. Any complex 
is judged abnormal in form if the I wave 
is rounded, notched, or flattened and if 
its area is conspicuously reduced; or if 
the J wave peak is rounded, flattened, or 
notched, so tlmt this peak fails to dominate 
the record. In many abnormal records 
the K wave tends to become conspicuous, 
not only because I and J diminish in size 
but also because IC becomes deeper than 
in normal records. So while in normal 
records the most conspicuous wave points 
upward, and is the J wave, in many 
abnormal records the most conspicuous 
■wave points downward, and is the K -wave. 

Any ■wave in diastole which stands out 
from the after- vibrations, especially if it 
rivals the systolic complex in height or 
depth, is judged abnormal. 

Abnormalities of form of the H ■wave 
are so rarely encountered that we have 
not studied them in detail. The most 
common abnormality of this ■n’ave is a sim- 
ple increase in its size so that it equals 
or exceeds the J ■wave in height. How- 
ever, if the J wave is undulj' reduced in 
size, the H wave is not judged abnormal 
if it equals the J wave. Absence of H is 
rarely seen but it sometimes occurs m 
healthy persons and so is not judged 
abnormal at the present time. 

This discussion of abnormality of form 
is based on ballistocardiograms taken m 




I'lC!. L— ^’arious types of abnormal ballistocardiograms in contrast with a normal record. The 
time record on the lop applies to all records. The reproduction is \ of the original siz-e. The waves 
have been lettered to assist in identifying them. o. A normal record for comparison, b. C. A., age 55. 
Gall bladder disease, before operation. The I wave is absent in some comp!exe.s and poorly developed 
in the remainder. Two respiratory cycles are shown; note the similarity of the details of form in 
tile corresponding positions in each respiratory cycle, c. L. B., age 45. Left bundle branch block. 
IVith electrocardiogram Lead I and brachial pulse. Note .abnormal J waves. It is of intcre^^t that the 
pulse has a flat top also. d. X. R.. age 47. Hypertensive heart disease in congestive failure. 
Venous pressure 21 cm.H;0, B.P. lie. 1S5/135. With clcctrocardioprara Lead I and brachial pul'-e. 
Note ballistic complexes mostly of late downstrokc tJTJe. The alignment of the 3 records is perfect, 
c. M. M., ago 5G. Traumatic arteriovenous communication of right shoulder. Xotc large diastolic 
w.aves, exceeding the systolic complexes in size over part of the respiratorj- cycle. After surgical rlo— 
lire of the communication the record became normal. /. H. X., age 21. Xormal female .‘-tanding. 
Record shows splitting of each wave of comple.xcs. There i» a marked re-piratory ^-.ari.ntion of 
Jength of splintcrings. 
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the horizontal position, and it cannot be 
applied to results secured in the vertical 
position without reservations to be dis- 
cussed later. 

Results, Since the start of our work 
in 1937, ballistocardiograms abnormal in 
form have been securetl in 234 cases. In 
compiling this and other figures several 
rules were necessary. When the patients 
came to the hospital more than once in 
the 10 year period, they were counted 
once for each admission, therefore our 
figures are really patient-admissions. The 
fact that the patients were often in a very 
different clinical condition at their various 
admissions made this method of counting 
superior, but patient-admissions is so 
clumsy a term that we will speak of tlie 
data as indicating cases. Indeed the num- 
ber of repeaters was small. 

A single abnormal record admits a case 
to our series although other ballistocardio- 
grams taken under different clinical con- 
ditions may have been normal. 

A case having more than 1 abnormal 
ballistocardiogram during a single admis- 
sion is counted only once in our data ex- 
cept as follows. Often after a major 
surgical operation, and occasionally after 
a minor operation, the ballistocardiogram 
becomes abnormal in the immediate post- 
operative period, and returns to normal 
as convalescence is established. But a 
certain number of severely ill patients 
admitted to the surgical service for opera- 
tion gave abnormal ballistocardiograms 
before operation, even though thej'' had 
no heart disease manifest by the usual 
clinical studies. In all these but 1 the 
record became even more abnormal in the 
postoperative period. For this reason 
these cases appear in Table 2 tndee, being 
included in the figures given for cases both 
before and after operation. 

Ballistocardiograms abnormal in form 
can be classified in several 'ways, some of 
■which are not mutually exclusive. The 
simplest and perhaps one of the most 
important methods, is based on the pro- 
portion of abnormal complexes to those 
that are normal. B-ecords in which the 


form varies with the respiratory cycle, 
the smaller complexes being abnormal 
while the larger ones remain normal, are 
very common. In such records the pro- 
jiortion of abnormal complexes may vary 
from about 20 to 100%. This method is 
so simple that no further explanation is 
required. 

Much more difficult is a classification of 
abnormalities based on the form of com- 
plexes. The abnormal forms are extremely 
hard both to describe and classify for 
2 reasons: (1) the variety of abnormal 
shapes encountered in different records is 
ver\’ great; and (2) the shape of the com- 
plexes usually varies from beat to beat 
in the same record. Indeed, in the most 
extreme examples, the record is so com- 
pletely confused that it defies exact de- 
scription. To bring what order was pos- 
sible into our thinking, we have devised 
the classification recorded in Table 1. In 
using it readers must realize the difficulty 
in assigning certain records to a particular 
group. The different tjT>es are not sharply 
divided and so many intergradations occur 
that the senior author, reclassifjdng a 
large series of records after an interval of 
several months, by no means obtained 
exactly the same result as in the first 
instance. 

Despite such difficulties, the abnormali- 
ties of form can be readily dimded into 
2 main groups. In the first, the beat to 
beat variation in form is so great that no 
classification based on form can be ap- 
plied; in the second, although tlieform 
usually does change somewhat from beat 
to beat, a single abnormality so predomi- 
nates that a classification can be based 
on it. These 2 groups form the basis of 
the classification given in Table 1. 

A further subdivision of these 2 types 
has also been attempted in Table 1. In 
69 instances the confused records occurred 
in cases in which the electrocardiogram 
demonstrated an abnormal rhythm or a 
conduction defect. So this group can be 
readily subdmded according to the elec- 
trocardiographic findings. In the balance 
of this group, in 36 instances, the irregular 




Fio. 2.— BallistocardiORiams showint; varioub types of abnormality of form. The time record on 
he top applies to all recotds «licre time is not shown. The larRO't interval i- 1 '-ecotid. In tlie repro- 
t action the reduction in size is not exactly uniform, the various ballistocardiograms beinc reduced 
o from 60 to 75 % of their original size. a. K. K., ace 63. Luetic hc.irt diseise. Ballistoc.irdio- 
cram simultaneous with biachial pulse and Lead II of electrocardiogram. Note normal ballistocardio- 
grams and steep ascent of pulse when electrocardiogram approaches normal, almoim.il ballistic form 
atiaslow ascent of pulse when electrocardiogram .shows defect n e intnn entncular condiu tion. b. II. IV.. 
(■ftl ^VP^t^ltyroid heart diso.ase. B.P. 160,00. BMR -^.31. Illectrocardiogram negati%e' 
rt lodtogram ‘silhouette top noimal. Note xerj' abnorni.il ballistic form, \arjing with the rc'pirato.’w 
c.'clc. c. E. IV., 3 months later, on thiouracil. B.P. 12G,S2, BMR ~Ti. The balh'tocardiogmm 
'as returned to normal, d. H. K.. age 53 Essential hypertension, lying at re-t. B.P. 233 104 
•'Ote cxtronielv 'iKnr,,.r„ol *i.„ i„f„ ,i„.. i . • . ' .. ' 


tiallv 1 i's, ill jirsi, oj.j . nu i — -vuipiiiuue Small out mrm is Csson- 

Q ^ hormal. _ g. E. K., 15 minutes Later, bdng at rest immediately after mild exercise. B.P. 190 *>0 
complex is normal, in the rest the abnormality varies from beat to beat with the 

‘espiratory cycle. 
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variations in sliapc could not be .assigned abnormality so predomin.ated that a class!" 
to a cause detectable by the clcctrocardio- . ficiition was possible. The result is re- 
gram. In these instances, at least part of corded in Table 1, It must be remembered, 
the beat to beat variation accompanied however, that included in Table 1 are 
the respiratory cycle. many records which contain both normal 


TABi.r. 1.— Occunnr.xcK or DirFEitc.vr Tvpks of ABXoiiMAUTy or Form 


Type of tililiorm.elity 


No. ca-'es 
ehowitiK 
abnormality 
listed 


I, Confused records, form vnryinc from beat to beat, no type of abnormality predominating 

A. Ca.scis rvith electrocardiographic abnormalilio.a: 

Witli .auricular fibrillation 

With flutter 

Witli A-V or intraventricular Itiock 

Witli multiple cjctra.systolcs ... 

B. Ca.scs in normal sinus rhythm and without abnormalities mentioned under A 

II. Records rvitli a predominant abnormal form 

A. Occurring during systole: 

Abnormality of I wave only 

Abnorm.ality of .1 ivave ortly 

Botii I and J tvaves abnormal, K not deep 

I and ,I low, K deep (late downstrokc type) 

Abnormalities of the H wave only 

B. Occurring during diastole 


105 


42 

2 

10 

9 

30 

129 

30 

32 

17 

29 

7 

14 


TAm.n 2 .--F 11 CQUENCV OF BALMSToc-AnDioGRAMS .An.voRMAi. IX Form i.v Diffebext ClixiC-al 
C o.xDmoxs (Experiexce From 1937 to 1947) 



Total No. 

No, cases reith 
abnormalities 

% 

abnormabties 

Diagnosis 

cn5os studied 

of form 

of form 

Hypertension 

.... 176 

69 

39 

Hyperthyroid 

.... 112 

13 

12 

Hypothyroid 

22 

2 

10 

Organic heart disease: 

Rheumatic 

.... 95 

43 

45 

Coronary 

.... 127 

63 

50 

Luetic . . 

.... 21 

6 

29 

Congenital 

.... 34 

2 

6 

Pericarditis 

. . . . 12 

4 

33 

Type in doubt 

.... 14 

3 

21 

Conduction defect in ECG (primary classification in doubt) : 

A-V block 6 

6 

100 

Intraventricular block 

.... 17 

4 

24 

No manifest heart disease 

Cases from the Medical Service: 

Pulmonary disease ....... 

.... 37 

7 

19 

Anemia 

.... 30 

2 

7 

Severe diabetic acidosis 

.... 3 

3 

100 

Others 

. « . , , , 

7 


Cases from the Surgical Service: 

Before operation — Colonic lesions 

.... 13 

7 

54 

Gastric lesions 

.... 12 

4 

33 

Cranial lesions 

.... 11 

2 

18 

Biliary tract lesions . 

.... 17 

4 

24 

Herni® 

.... 31 

2 

6 

After operation — (From 1 to 10 days postoperative) . 63 

39 

62 

When there is a dominant abnormal form 

and abnormal complexes. It is 

according 


a subdivision can be based upon the wave, 
or waves, chiefly distorted. Thus, in 129 
instances, while there was almost always 
some beat to beat variation in accord with 
the respiratory cycle, a single type of 


to the form of the abnormal complexes 
that the classification given in Table 1 
has been made. 

The Clinical Conditions in Which Ballis- 
tocardiograms Abnormal in Form W ere En- 
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countered. The cases were classified ac- cases these abnormalities occurred when 

cording to the usual clinical diagnoses and no cardiac abnormality was suspected 

the results are shown in Table 2. Wlien from the routine clinical examination, or 
a patient had more than 1 of the condi- to be anticipated from the type of disease, 

tions appearing in Table 2 the following The Occurrence of Ballistocardiograms 

rules were used. Rheumatic heart disease, Abnormal in Form at Different Ages. Our 

coronary heart disease (angina pectoris data on this point were summarized in 
or cardiac infarction), syphilitic heart dis- Table 3. There will be seen the number 
ease, and congenital heart disease took of abnormal records encountered in each 
precedence over the other diagnoses. A decade and their relative frequency in the 
patient with angina pectoris and hyper- patients encountered in our studies, 
tension was classified under coronary heart The value of the data is limited by the 
disease only, as coronary heart disease is fact that a general survey of the popula- 
much more likely to render the ballisto- tion was never attempted, and the very 
cardiogram abnormal. Cases of hyper- nature of the test leads to a greater interest 
thyroidism and hypothyroidism (Figs. 2-b in testing cases suspected of heart disease, 
and 2-c) fell easily into distinct groups Thus the pediatricians were inclined to 
according to the basal metabolic rate, refer to us only those children in wlioni 
Cases were classified as having auriculo- heart disease was suspected and this 
ventricular or intraventricular conduction affected our statistics in the younger age 
defects only when the primary diagnosis group. Similarly in the adult groups, 
was unknown or uncertain. while in the early years of the work all 

Table 3.— Occurrence of Ballistocardiograms Abnormal in Form in DiFrnnE.vT 

Age Groups 

No. shom'ng % .showing 
No. subjects .'xbnormalitics abnormnlitir-'s 

tested of form of form 

16 1 0 

. 110 10 9 

.468 9 2 

. 275 31 11 

. 359 51 14 

. 269 67 25 

. 236 53 22 

44 11 25 

7 1 14 


Age (yrs.) 

0- 9 . . 

10-19 . . 

20-29 . . 

30-39 . . 

40-49 . . 

50-59 . . 

60-69 . . 

70-79 . . 

80 and over 


Cases were classified as hypertension 
when the blood pressure exceeded 170/100 
on at least 1 examination. 

As is shown in Table 2, abnormal 
records were found in 50% of patients 
inth coronary heart disease, and in a 
somewhat smaller proportion of cases with 
most forms of organic heart disease, and 
wjth intraventricular conduction defects, 
^^e found abnormal forms only rarely in 
congenital heart disease but the number 
tested was small. In the great majority 
cf instances abnormalities of ballistic form 
Were found in cases of manifest heart 
disease or those in which, like hyperthy- 
yoidism and hypertension, heart disease 
a frequent complication. But in oS 


clinical types- were tested, in the later 
years our work was concentrated where 
the interest lay, in cases with manifest or 
suspected abnormalities of the heart and 
circulation. Also we tested large numbers 
of medical students and this has affected 
the results in the 20 to 29 year group. 

Obviously, therefore, the proportion of 
abnormalities found is of limited value, as 
it applies only to our special experience. 
But the data show clearly the one point 
we wish to make; that is. abnormalities of 
impact form occur far more frequently in 
persons over .50 years of age, 

i'ariaijon nj Form With Changing Clini- 
cal Sfafr. Our rccord.s are full of iastance.-: 
of this and many have been published. 
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Persons suspected of a cardiac abnor- 
mality but having, a normal ballistocardio- 
gram at rest may shoiv an abnormality of 
form if they are tested after exercise; an 
example is given in Figure 2-f and 2'g. 

In patients vith manifest heart disease, 
the administration of digitalis is fre- 
quently followed by great improvement in 
the form of the record." Interestingly 
enough, given ill-advisedly to a man with 
a normal heart, the drug caused marked 
abnormalities of form in 1 case.’ 

After severe surgical operations the 
ballistocardiogram often becomes abnor- 
mal in form and it usually returns to nor- 
mal during convalescence.® 

In a patient with a functioning tumor 
of the adrenal medulla, the ballistocardio- 
gram became abnormal in form during 
the attacks of extreme hj-pertension.'' 

In several cases of profound anemia the 
records were abnormal in form and they 
returned to normal after the blood count 
and hemoglobin improved. 

In manifest cardiac disease clinical im- 
provement is often accompanied by strik- 
ing improvement in the form of the 
ballistocardiogram.®’’ 

Without attempting a complete cata- 
logue of such experiences it may be stated 
that our records abound vuth instances 
in which clinical improvement has gone 
hand in hand 'udth improvement in ballis- 
tic form, and in which a setback has been 
accompanied by the development of ab- 
normalities of ballistic form. The reverse 
has not been seen. 

Ballistocardiographic Variations in Form 
Present in the Standing Position. As soon 
as the first vertical ballistocardiograph’® 
had been constructed it was noted that 
many of its records were more confused 
than those taken in the horizontal posi- 
tion. Some of this distortion was obAu- 
ously due to vertical Aubrations in the 
building, but for the most part it seemed 
due to inA'oluntary muscular movements 
of the patient, moA-ements often exagger- 
ated to the point of obAuous tremor in 
those patients who were seA'erely ill or 
who had been long confined to bed. 


After the construction of the portable 
models AAUth electrical amplification,® the 
records obtained in the horizontal position 
differed in no way from those secured by 
our first machine, but Ave are beginning 
to realize that the records obtained in 
the A’ertical position by our newer instru- 
ment are to some degree clearer and less 
distorted than those secured by our first 
apparatus. There may be more than one 
reason for this, but an obA'^ious factor lies 
in the fact that the newer portable instru- 
ment has been set up in parts of the 
hospital far away from the jerky elevators 
which are so close to our original A-ertical 
machine. Doubtless for this reason the 
ncAver instrument does not require the 
hea\’y Aveighting and elastic cushioning 
that Avas essential to the earlier instrument. 

In any event, the junior author, who 
had charge of a wartime inA'estigation 
A^dth the neAver instrument, obserA-ed cer- 
tain features of the normal vertical record 
which the senior author, Avhose experience 
was almost altogether A\-ith the older in- 
strument, had oA'erlooked. After attention 
was called to them these features could 
be easily seen in the records secured b^' 
the older instrument as well. 

An analysis was made of 119 records 
taken on 32 normal subjects standing on 
the newer A’ertical ballistocardiograph. In 
practically all of these records, there was 
a splitting or a splintering of the I and 
J AA^aA^es in most of the complexes, the 
result being a complex AA-hich had an I 
waA'^e of much smaller area in proportion 
to the J waA^e than in the normal horizon- 
tal records. These deAuations from the 
expected normal cannot be explained as 
artefacts from a rapid vibration entering 
the record from Avithout, because they 
have a definite pattern A'arjdng with the 
phases of respiration. A good example of 
this is shoAvn in Figure 1-f. At full inspi- 
ration the I wave is deep and narroAV the 
J peak slurred AAUth the highest point 
back; at expiration the I waA^e is broader 
AAnth 2 doAvnward peaks, the J peak flat- 
tened, often AAUth the high point forAA’ard. 
In the example given in Figure 1-f these 
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features are more pronounced than is 
usual; many gradations between this and 
the expected normal are found. 

Obviously, therefore, there may occur 
in apparently healthy persons when stand- 
ing upright, deviati'^ns from the form 
established as norma) lor the horizontal 
position. 

A CoiMP'.Kiso.N Between Ballistic 
Form and Subsequent Necropsv Find- 
ings. Fifty-three patients on whom bal- 
listocardiograms were abnormal in form 
are known to have died and necropsies 
were secured on 40 of them. The essential 
findings are recorded below; only those 
concerned with the heart and aorta are 
given in any detail; the rest of the picture 
is indicated under the heading “ diagnosis”. 
Blood pressure, always taken at the time 
of the time of the ballistocardiogram, is 
recorded only if it was abnormal. Micro- 
scopic findings are not gis^en when they 
merely confirmed the gross pathologic 
diagnosis. When an electrocardiographic 
abnormality was known to be present, 
this is stated. 


domistroke t 3 ^pe. Died 2/9/43. Necropsy: 
heart (240 gm.) firm, reddish tan; aortic 5, 
pulmonic 7, mitral 6, tricuspid 12 cm.; 
marked thickening, shortening and fusion of 
the mitral and aortic cusps. The rigid valves 
are about 80% closed. Myocardium meas- 
ures; L.V. 12 mm., B.V. 10 mm. R.V. is 
hypertrophied and dilated Microscopic; 
myocardium is normal; 1 fibrosed Aschoff 
bod 5 ’- in the subepicardial fat. Diagnosis: 
chronic rheumatic heart disease with mitral 
and aortic stenosis, passive congestion and 
arteriosclerosis of lungs with R.V. hj'per- 
trophy, multiple puhnonaiy infarcts and 
lydrothorax. 

C. H., aged 56; ECG intraventricular con- 
duction defect; ballisto. 10/28/37, with ECG 
and pulse, most confused. Ballisto. 11/5/37 
with ECG, similar. Ballisto. 11/18/37 with 
ECG, extreme confusion. Died 12/9/37. 
Necropsy: heart weighed 890 gm. All the 
chambers are dilated, the left ventricle meas- 
ures 3.5 cm., at the apex it is less than 1 cm. 
Here the myocardium becomes gray and 
somewhat fibrous. The coronary arteries 
show no evidence of an occlusion or throm- 
bosis. hlicroscopic: muscle fibers of the left 
ventricle are prominently enlarged. In a 


Table 4. Pbbury Cardiac Diagnosis Made at Necropsy When Ballistocardiogram was 


Abnormal in For-m During Life 

Primary cardiac diagnosis No. ca'C- 

Cardiac infarction . S 

Rheumatic heart disease . 7 

Coronary disease witliout infarction . 3 

Hypertrophy — associated mth hypertension 4 

Pericarditis ■ . . . 2 

Syphilitic heart disease 1 

Congenital heart disease . . 1 

Advanced amyloidosis of heart 1 

Hypertrophy and dilatation (origin unknown) 1 

Cardiac lesions of doubtful significance . 3 

Essentially normal* . , ... 9 


* In S the record was abnormal onlj’ immediately after surgical operation. 


AYe are, of course, indebted to tlie man.v 
members of the Patliological Department, 
who performed the necropsies. One 
necrops.v has already" been reported," the 
others follow. A brief summart' is given 
in Table 4. 

J. R., aged 37; ballistocardiograms taken 
9/14/42, 1/4/43 and 1/14/43; extremely con- 
fused records with the form varjdng from 
beat to beat; onh’ an occasional normal com- 
plex; small sY’s'tolic complexes of the late 


large area the musculature is corapletel%' 
replaced bj' a dense fibrou-s tissue; the smaller 
branches of the coronary vessel.^: show little 
tliickening of the medial coat. Diagnosis: 
rajmcardial dilatation and lypertropln' with 
left ventricular apical infarction. 

H. S., aged G2; B.P. 170/80; h.alli-to. 10/ 
31/40, runs of coupled beats (too much digi- 
talis?); I waves are shallow and .1 flat. 
Ballisto. 11/14/40; record oonipleteh* con- 
fused, respiratorv* impacts prominent. 
Necropsy (1/29/41): heart weighed SoO 
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gm., all chambers are dilated and hyper- 
trophied, no infarcts or fibrous areas were 
found; the valves were essentiall}' normal; 
coronaries have patchy yellow intimal 
plaques, but are large and patent through- 
out. Microscopic: hypertrophy and focal 
fibrosis. Diagnosis: cardiac hypertrophy 
(marked) and dilatation (moderate) ; dilata- 
tion of aortic and pulmonic valve rings. 
Edneys: benign nephrosclerosis with healed 
pyelonephritis. Comment; the amount of 
hjqjertroph}' was recorded as remarkable, 
especially when compared to the insignificant 
renal changes. 

J. hi., aged 36; ballisto. 1/31/39; I is abnor- 
mally small even in the most normal com- 
plexes. When the breath is held in expira- 
tion I-J is slurred or notched; this is also 
true of the small complexes when he breathes 
normally. Died 5/12/40. A^ecropsg: heart 
(550 gm.) had old fibrous adhesions between 
the 2 layers of the pericardium at the base 
of the heart. The right and left ventricle 
and the right auricle are hypertrophied and 
show small gray areas of fibrosis. The right 
ventricle and auricle are dilated. There was 
severe fibrosis and stenosis of the mitral 
valve (“fish-mouth type”). The aortic 
valves are thickened; along the margin of 
the cusps are numerous minute vegetations. 
Microscopic: muscle fibers are h3T3ertro- 
phied. Manj' small foci of interstitial fibro- 
sis, mostty perivascular, some containing 
bunphocj'tic and epithelioid cells. Diagnosis: 
rheumatic heart disease (active); mitral 
stenosis and insufficiencjq verrucous vegeta- 
tions on the valve margins, hj'pertrophj’^ of 
the right ventricle (severe), Natation of the 
right auricle (marked), cardiac hjq)ertrophj’. 

H. K., aged 47; B.P. 98/72; ballisto 4/6/46. 
Form varies from beat to beat and almost 
no normal complexes are seen. Part of this 
variation from beat to beat is respiratory, 
but part is not as is demonstrated by a simul- 
taneous record of respiration. In the small 
complexes J equals or is less than H in height, 
and I does not nearly reach the baseline, 
In some, H, I and J are almost fiat; in others, 
a notch is produced; in these complexes K 
is deep. The whole record, looks very con- 
fused. Died 5/21/46. Aiecropsy showed gen- 
eralized amjdoidosis. The heart (540 gm.) 
is especially involved; left ventricle was 
tliicker than normal, right auricle contained 
a large adherent fibrous thrombus. Peri- 
cardium and valves were negative. Coron- 


aries were normal. The cut surface of the 
L.V. showed several old fibrous streaks. 
Sections showed a diffuse infiltration of the 
myocardium bj' amyloid and much of the 
remaining muscle stained poorly; nuclei and 
striations lost. Diagnosis: cardiac hyper- 
trophyq mural thrombus, right auricle; am}'- 
loidosis. This was a striking case of primarj’ 
am 3 'loidosis. The am 3 ’loid was present in 
ever 3 ’' muscle examined and in ever 3 ' organ 
except the kidne 3 ' and prostate. 

L. 0., aged 54; cancer of the lower esopha- 
gus. Ballisto. 5/19/44; normal in form. 
■Ballisto. 5/24/44; followed a transfusion by 
Si hours; at the time of the test the patient 
felt weak and chilly. The record was some- 
what abnormal in form, J being flattened 
or notched in the smaller complexes so that 
it scarcel 3 ’’ exceeded H in height. The opera- 
tion (5/25/44) was a rib resection and sub- 
total gastric resection; a splenectomi', an 
esophagectom 3 ’' using the transthoracic ap- 
proach, and a gastrostom 3 '. Ballisto 6/7/44; 
highly abnormal; rate 115; form varied from 
beat to beat. Practically no normal com- 
plexes were seen, and the appearance was 
one of great confusion. Ballisto. 6/10/44; 
complete!!' different from an 3 ’ of the preced- 
ing ones; the amplitude was ver 3 ’ small; J 
was conspicuous!!' absent or much reduced. 
In man!' complexes J was deeply notched; 
in others, flat. Only an occasional normal 
complex was seen. Necropsy (6/12/44): 
heart (350 gm.) was essentially normal. 
The main pulmonar!' artery contained a few 
small, soft, reddish gray, branching tluombi. 
The right puhnonar!' artery was completely 
occluded by a mass of twisted adherent 
branching thrombi, some as much as 1 cm. 
in diameter. The smaller branches con- 
tained secondary thrombi. The left lung 
showed a few smaller thrombi. Diagnosis. 
pulmonary thromboses. 

H. J., aged 66; ballisto. 6/12/44; normal 
in all respects. An explorator!' laparotomy 
(6/13/44) disclosed carcinomatosis of abdom- 
inal ca^'ity. Ballisto. 6/19/44; an abnormal 
record, the J waves being reduced on ampli- 
tude, notched or flattened. The form varied 
from beat to beat. Ballisto. 6/2^^; n 
larger amplitude but the abnormalities in 
form remained the same and veiy' few normal 
complexes were seen. N^ecropsy (6/27/44): 
heart was essentially normal. The tumor 
mass was primarily in the colon with metas- 
tases to many other organs. 
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R. S., aged 34; carcinoma of the pharynx; 
ballisto. 4/4/44, before gastrectomy; normal 
in form but abnormally small. After gas- 
trectomy permitted better feeding, the pa- 
tient’s general condition improved and the 
ballistocardiograms became larger. Those of 
4/20, 4/24 and 4/25 were all normal in form. 
The record of 4/26 is not altogether normal 
as there is a slight notching of J in the smaller 
complexes. On 5/11/44 the records were 
normal again. Necropsy {Q/25144): extreme 
emaciation; heart weighed 150 gm. (about 
one-half the normal size for this age). It 
was of the usual shape and firm in con- 
sistency. Pericardium, valves, ventricular 
muscle, coronary arteries and sections all 
showed nothing abnormal. Cause of death: 
hemorrhage from carotid arteiy. The pri- 
mary site of the neoplasm was never deter- 
mined. 

J. B., aged 46; ballisto. 7/2/45 and 7/5/45; 
both normal. He had a craniotomy on 4/6/45 
and on 7/12/45 the ballistocardiogram was 
extremely confused; only the largest com- 
plexes were normal and the balance of form 
varied from beat to beat, small I waves and 
deep K’s being prominent. On 7/21/46 the 
ballisto. had returned to normal. Necropsy 
(9/22/46) : heart was entirely normal. Cause 
of death: meningioma of the olfactory groove 

G. L., aged 42. Before any ballistocardio- 
grams were taken the patient had had a 
cerebral arteriogram, on 6/5/45. Tlie first 
ballisto. on 6/7/45 was normal. On 6/28/45 
the record was not altogetlier normal as some 
small complexes lacked the I wave. On 
6/29/45 craniotomy was performed. On 
7/5/45 the ballistocardiogram was grossl}-^ 
abnormal. No normal complexes were seen, 
the I wave being diminished or absent in all 
complexes. On 7/10/45 the ballisto was nor- 
mal once more. Necropsy (7/31/45): the 
heart was normal. Diagnosis: astroej’-toma 
of the left frontal lobe. 

L. B., aged 68; ballisto. 5/16/45; only the 
largest complexes are normal, all the others 
lacking I waves almost completelj’. In mam- 
complexes the notch of I does not reach the 
baseline. On 5/17/45 an ileocolostomy was 
performed. Ballisto. 5/22/45; no normal 
complexes seen, the imjiact form ^'aried from 
beat to beat. The I wave was never well 
developed and many complexes were of the 
typical late dovmstroke tyj^e. Ballisto. 
5/29/45 had improved; there was consider- 
able tachycardia; rate 115; most complexes 


were normal but an occasional one showed 
a notched J wave. Necropsy (6/19/45) : lieart 
(300 gm.) was extremely soft and flabby; the 
valves and coronary arteries were negati\'e. 
There was a minimal fibrous pericarditis; 
the sections showed nothing abnormal. 
Diagnosis: tuberculosis of the cecum; tuber- 
culous peritonitis. 

J. T., aged 15; ballisto. 9/26/45; normal. 
On 9/27/45 he had an abdominal perineal 
resection. A ballisto. was taken on his waj- 
back from the operating room; in it the 
I wave was diminished or absent in all com- 
plexes. Ballisto. 10/3, 10/9 and 10/16/45; 
normal. Necropsy (1/7/46): the heart was 
normal. Diagnosis: primary carcinoma of 
the rectum with multiple peritoneal metas- 
tases. 

W. W., aged 43; ballisto. 7/9 and 7/12/45; 
normal. On 7/19/45 he had a craniotomy 
for brain tumor right fronto-parietal region 
On 7/19/45 the baUisto. was so confused by 
tremor that it could not be read. He was 
ha'idng con\T.ilsions at the time. Ballisto. 
7/24/45 showed increased respirator}’- arches 
but the cardiac complexes were normal. 
Later in the day he had a sudden attack of 
dyspnea and became cyanotic. He died 
next day. Necropsy: heart contained a 
mural tlirombus in the right auricle but was 
otherwise negative. The main pulmonary 
arterj'- was occluded by a firm red tlirombus. 
Diagnosis: a subcortical tuberculoma. 

H. L., aged 56; ballisto. 9/15/42; rate 112; 
large amplitude; I not well developed. 
Ballisto. 9/18/42; rate 90; complexes more 
distorted. H-I hardly more than a notch 
or slur; some complexes of late downstroke 
type. Ballisto. 10/12/42; rate 98; large 
complexes now normal; small ones of late 
downstroke type. Record improved since 
last test. Necropsy {7flSf44): heart (550 
gm.) is markedly enlarged, especially L.A. 

A bulging infarct of the anterior wall of the 
L.V. near the apex is extremely soft and 
hemorrhagic; the myocardium is thin and 
markedly softened. The coronarj- arteries 
(examined by radio-opaque injection) show 
sclerotic plaques; marked narrowing near 
the orifice of the anterior descendim: and a 
thrombus occluding the richt coronary 6 cm. 
below its orifice. Diagnosis: hypertropliy 
and dilatation of the L.^'., old anterior myo- 
c.ardial infarction witli mural thrombus. 
Severe coronan- artcrio-derosis with occlu- 
sion of right coronar},-. 
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E. M., aged 50; ballisto. 10/25/38; auricu- 
lar fibrillation; systolic complexes very ab- 
normal, form varjnng from beat to beat. 
Late M and late doumstroke complexes are 
seen, and there is occasionally a large com- 
plex in diastole. Necropsy (6/8/41); heart 
(610 gm.) is reddish brown and rather 
flabby; all chambers are dilated and hj^jer- 
tropliied. Mitral valve is greatly tluckened 
and rigid with some calcification; chord® 
tendin® thickened and shortened. The 
aortic valve has slight nodular thickenings. 
The coronaries are patent. Microscopic; in 
the L.V. large patches of muscle fibers have 
been replaced bj' dense scar tissue with 
embedded dilated thin-walled vessels. Diag- 
nosis: clnonic fibrous endocarditis, mitral 
valve, with stenosis and insufficiency, marked 
diffuse myocardial fibrosis; hj^jertroplij' and 
dilatation; mural thrombi. Remarks; tliis 
is a straightforward case of rheumatic heart 
disease. Cerebral emboli were the cause of 
death 

M. F., aged 30; ballisto. 10/14/37; the 
amplitude is very small; in one place flat J’s 
are seen but the rest of the record seems 
normal in form. Partial necropsy (1/19/38); 
heart (300 gm.); R.V. is moderatel}’’ dilated 
(wall 0.6 cm. thickness) . Mitral valve meas- 
ures 9 cm.; its cusps are thickened; to them 
are attached friable, red vegetations. Similar 
vegetations are found on aortic valve. 
Diagnosis: old rheumatic endocarditis with 
tj^Dical subacute bacterial endocarditis. 

A. H., aged 38; ballisto. 12/14/37; auricu- 
lar fibrillation; form varies markedly from 
beat to beat and is usuaU}'^ liighlj' abnormal. 
Necropsy (2/26/38); heart (455 gm.) firm, 
reddish brown. Pericardial carnty contained 
100 cc. of blood-tinged fluid. Mitral orifice 
much stenosed; cusps are irregularly rough- 
ened and calcified. Myocardium measmes; 
R.V. 0.9 cm., L.V. 2.8 cm. Diagnosis: mitral 
stenosis, dilatation and hj'pertrophy of right 
heart; thrombi left auricular appendage. 

S. M., aged 45; ballisto. 12/21/39; I seems 
unusually large in proportion to J which it 
equals in area in most complexes; nothing 
else abnormal was seen. EGG minor grade 
A.V. block, ventricular extrasystoles, severe 
myocardial damage. Necropsy (4/20/39); 
heart (830 gm.) firm; myocardium measures; 
L.V. 3 cm., R.V. 0.8 to 1.2 cm. Aortic 
valve shows marked thickening of cusps 
with much stenosis. The coronaries are 
wideh" patent. Microscopic; chronic myo- 


carditis and chronic pericarditis. Diagnosis: 
hjrpertrophy of both ventricles. Remarks; 
the diagnosis of rheumatic heart disease was 
favored though the findings were not char- 
acteristic. 

A. J., aged 56; ballisto. 9/11/42; respiratory 
impacts prominent, cardiac impacts verj' 
small; systole cannot be identified with cer- 
tainty. Ballisto. 10/23/42; respiratorj" im- 
pacts still prominent and sj'stole is still 
impossible to identify with certaintjn Com- 
plexes verj-^ small, and beat to beat variation 
apparentl}' great. Ballisto. 12/14/42; the 
Che 3 'ne-Stokes respiration; huge respiratorj' 
impacts during breathing period overv’helm 
the record; during apnea sj'stolic complexes 
are plainlj’ seen and thej' are of a most unus- 
ual shape. The rate is slow, 48. Without a 
simultaneous EGG I am a little uncertain 
of the interpretation but I suspect that a 
stopping complex dominates the record and 
that the starting complex is of the late 
downstroke type. EGG left bundle branch 
block. Necropsy (2/27/43). Heart weighed 
620 gm. Tliree main coronar 3 ’ arteries 
all extremety sclerotic with small lumina 
anterior descending and is completely ob- 
structed. Marked myocardial atrophy, 
numerous recent and old organized inter- 
stitial hemorrhages, degeneration, recent 
coagulation necrosis and fibrosis. Diagnosis: 
coronar 5 ’^ sclerosis, recanaUzing occlusion of 
left arterj', rajmcardial infarction and fibrosis. 
Remarks: this is a classical example of 
coronarj' occlusion and progressive heart 
failure. 

F. T., aged 34; ballisto. 5/10/44; record 
is so confused that the cardiac rhj'thm can- 
not be made out, nor can the sj'stolic 
impacts be identified with certainty. Form 
varies from beat to beat" in an irregular 
manner. EGG 5/1/44 showed auricular 
fibrillation, rate was 79. All complexes were 
unusuall 3 " small. Necropsy (5/11/44); heart 
(820 gm.) soft and flabby; extreme enlarge- 
ment and dilatation of all chambers; the 
valve leaflets are normal; coronar 3 '^ arteries 
patent. Multiple sections showed no evi- 
dence of disease in the m 3 mcardium. Diag- 
nosis: h3q3ertroph3’’ and dilatation (all 

chambers of the heart); mural thrombus, 
right auricle. Gause of death was multiple 
infarction of the lungs. Primary diagnosis: 
hepatitis. 

M. R., aged 59; B.P. 150/40; ballisto. 
12/12/39; there is a high diastolic wave 
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equalling or exceeding J wave during inspi- 
ration but lower during expiration. The 
systolic complexes are normal. ECG showed 
minor grade heart block in Leads I and II. 
Necropsy (3/25/40): heart (820 gm.) is 
enormously enlarged, especially to the left. 
There are fibrous epicardial adhesions. 
The wall of the L.V. is thickened and its 
chamber very much dilated. The septum 
bulges into the R.V,, materially reducing 
its capacity. All of the valve rings are 
dilated, especially the aortic and mitral 
rings. The aortic cusps are large; the valve 
margins fibrous and thickened. The cor- 
onary orifices are slightly narrowed and 
sclerotic, but otherwise the arteries are not 
remarkable. Microscopic: muscle fibers are 
hypertrophied and there is marked intersti- 
tial edema. There is no myocardial necrosis 
or fibrosis. Diagnosis: syphilitic heart dis- 
ease, syphilitic aortitis with diffuse aneurys- 
mal dilatation of the aorta, severe; aortic 
insufficiency; cardiac hypertrophy and dila- 
tation; fibrous epicarditis. 

B. S., aged 56; B.P. 180/120; ballisto. 
12/4/37; form varies from beat to beat and 
is so confused that a dominant rhythm is 
hard to identify with certainty. There is 
very marked respiratory variation. Necrop- 
sy (3/24/38); heart (850 gm.) is dilated. 
Myocardium of R.V. is light reddish brown 
and flabby. There is an infarcted area in 
the left anterior wall several cm, across, 
extending onto the ventricular septum; 
valves are essentially normal. The left 
anterior descending coronary arteiy is oc- 
cluded 2 cm. from the orifice. Below tliis 
the vessel is calcified and the lumen bareR'- 
admits a pin. The right coronary is nar- 
rowed but no definite block. Microscopic: 
much replacement of muscle fibers by dense 
fibrous and hyalinized tissue. Diagnosis: 
coronarj’- sclerosis and thrombosis with mas- 
sive infarction of left ventricle, both recent 
and old. 

H. T., aged 13; ballisto. 10/20/37; small 
complexes of late dovmstroke tjqje. A few 
of the larger complexes are normal. Ballisto. 
11/3/37; smallest complexes now e.xtreraely 
abnormal; H, I and J almost absent; K re- 
mains prominent; a few large complexes 
remain normal. Necropsy (12/22/37); sev- 
eral hundred cc. of serosanguinous fluid in 
the pericardial ca\'ity; a shaggj' gra 5 ' fibrin- 
ous mass completel}’ envelopes the heart, 
hlicroscopic: pericardium is greatly thick- 


ened and contains large foci of caseation anc 
necrosis. A few small distinct tubercles 
Diagnosis: tuberculous pericarditis; miliarj 
tuberculosis of the lungs. 

H. P., aged 63; ballisto. 1/11/45; while 
the large complexes are normal, the smal 
ones are grossly abnormal; their form varies, 
in some J is almost flat; in others J is dis- 
torted and K deep. Necropsy (2/5/45): 
heart (not weighed) was covered with a 
hemorrhagic, fibrinous exudate; the heart 
muscle is soft and flabby and the chambers 
moderately dilated. There was no e^^dence 
of infarction or fibrosis. Coronary arteries 
were somewhat sclerotic. Diagnosis: acute 
fibrinous pericarditis, with hemopericardium. 
Primary carcinoma of lungs witli metastasis 
to lung and L^mph nodes. 

D. J., aged 13; ballisto. 10/23/42; most 
complexes are normal. In an occasional 
small complex the I wave is diminished or 
absent but the abnormality is certainly 
minimal. Necropsy {11/10/42): heart weigh- 
ed 280 gm.; coronaries are normal; pulmon- 
ary valve has slirunken cusps with rolled 
edges forming a single cork-like ring on the 
opened orifice. The other valves were nor- 
mal. The foramen ovale is a 2 cm. ring 
bridged by a network of interlacing bands 
and cords but with numerous large gaps. 
Microscopic; m 3 mcardium normal. Diag- 
nosis: pulmonaiy stenosis; patent foramen 
ovale; R.V. hypertrophy. Kidneys: sub- 
acute glomerulonephritis; lydropericardium; 
hj’-drothorax and ascites. Died in anasarca. 

H, H., aged 56; ballisto. 9/IS/42; very 
marked respirator}' arcliing confuses ever}'- 
tliing and sj'stolic complexes cannot be 
certainly identified. Ballisto. 9/19/42; after 
tapping chest, respirator}* impacts are gone; 
tracing is of extremely low amplitude, the 
smallest complexe.': being truly tiny but their 
form seems to be normal. Necropsy (10/5/ 
42): heart (340 gm.) contained a long coiled 
thrombus loose in the R.V., apparently a 
recent embolus. Heart was othenvi.=c nor- 
mal. Diagnosis: carcinoma of the richt lung 
and pulraonar}' embolism; thrombophlebitis 
of legs. 

B. H., aged 49; ballisto. I/20/3S; small 
in amplitude but normal in form. Ballisto. 
3/18/38; many ventricular extrasy.etoles with 
coupled beats. XSR complexes normal in 
form but MES small and variable; all com- 
plexes of ver}- low amplitude. Necropsy 
(3/30/38) limited to the heart only; if weierhed 
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340 gm.; there was an old infarct 3 by 2 cm. 
in the anterior portion of the left ventricle 
and another 3 cm. in circumference in the 
inteiA^entricular septum. Microscopic: both 
infarcts were encroached on by fibrous tis- 
sue. Diagnosis: multiple cardiac infarcts. 
Former myxedema. 

M. M., aged 63; B.P. 185/85; ballisto. 
10/11/37; there is marked respiratorj’’ varia- 
tion; the largest complexes are normal, the 
smallest highly abnormal. Most of these 
latter show a striking double J peak; all have 
a prominent notch on I-J. Necropsy 
(11/9/37): heart weighed 390 gm.; coronary 
arteries showed numerous yellow intimal 
thickening and small patches of calcification. 
Microscopic: there was hn^ertrophy of 

muscle fibers, and many separated by slender 
acellular fibrous strands. Diagnosis: h 3 'per- 
trophy. Patient succumbed to a combina- 
tion of infection from her purulent bronchitis 
and the long-continued effects of a thjToid 
adenoma which had caused clinical sjnnp- 
toms for over 30 years. 

J. R., aged 56; B.P. 188/110; ballisto. 
3/31/39; early M tj^De, the J peak equals 
or slightly exceeds H. There is a very clear 
complex in diastole. Died 5/6/39. Necropsy: 
heart (550 gm.) a firm reddish broum. 
Myocardium measures: L.V. 2 cm., R.V. 
1 cm. The valves, base of aorta and coron- 
aries show patch}' sclerosis. Microscopic: 
heart muscle cells large, with nuclei swollen 
and enlarged; a fine diffuse increase of inter- 
cellular fibrous tissue. Diagnosis: h}qper- 
trophy of L.V., arteriosclerosis of the coron- 
aries, adenocarcinomatosis. 

E. B., aged 34; B.P. 195/135; ballisto. 
10/6/38; amplitude small; large complexes 
are normal, small are abnormal; I is small 
or absent, J is often notched. Ballisto. 
12/11/38; the record is confused, large forms 
normal, and small forms abnormal, showing 
a flat J. Ballisto. 1/23/39; confused. Large 
conplexes almost normal though I is rounded, 
in small complexes J often notched. Area of 
I equals J. Large L wave gives an M ajj- 
pearance to small complexes. Died 1/28/39. 
Necropsy: heart (690 gm.) reddish gray. 
Myocardium measures: L.V. 3 cm., R.V. 
only 0.5 cm. Endocardium, valves and cor- 
onaries are negative. Microscopic: muscle 
cells are swollen and thickened, appearing 
pale and cloudy: their nuclei are large and 
bogg}' and some are irregularly shaped (elk 
horn t}'pe). Diagnosis: hypertrophy of the 
left ventricle, moderate pericardial effusion. 


Histologic diagnosis: hypertrophy of the 
L.V., cloudy swelling. Kidneys: malignant 
nephrosclerosis. 

P. N., aged 56; ballisto. 10/3/38: a con- 
fused record; only an occasional complex is 
normal. Despite the simultaneous ECG the 
identity of the waves is uncertain. I is 
poorly developed, JIC is sharp, followed by 
an L wave often higher than J. Died 11/19/ 
38. Necropsy: heart (230 gm.) dark red 
and soft. Myocardium measures: L.V. 
1.5 cm., R.V. 0.4 cm. Coronary arteries 
show a few raised plaques, their lumina are 
widely patent. Alicroscopic: indistinct 
striations and small clumps of pigment in 
the muscle bundles. Liver weighed only 
820 gm., about i normal. Diagnosis: heart 
grossly normal. Microscopic: brown atro- 
phy of myocardium. Kecropsy did not ex- 
plain cause of death. 

J. G., aged 54; B.P. 210/135; ballisto. 
2/3/39; only a few of the largest comple.ves 
are normal. Many large complexes show 
valuing abnormalities of the I wave. Small 
complexes lack a dominant J which is often 
quite flat, and occasionally hardly rises above 
the base line. Died 5/6/39. Necropsy: he&rt 
(620 gm.) deep red-blue. Myocardium firm, 
measures: L.V. 2.3 cm., R.V. 1 cm. Endo- 
cardium, valves and coronaries are normal. 
Microscopic: patchy fibrosis throughout. 
Diagnosis: hypertrophy, patchy fibrosis of 
left myocardium. Large cyst of pancreas. 
It was hard to reconcile a hypertension with 
the almost negative kidneys. Broncho- 
pneumonia probable cause of death. 

S. E., aged 48; B.P. 170/105; baUisto. 
9/24/37; cannot be found for review; it is 
described as showing marked pre-ejection, 
dovTiward deflection. Apparently it was 
otherwise normal. Died 11/5/37. A^ecropsy: 
heart weighed 720 gm. Myocardium meas- 
ures: L.V. 2.6 cm., R.V. 1.3 cm., coronaries 
patent. Diagnosis: myocardial hypertrophy 
and dilatation of right auricle and ventricle. 
Terminal infarctions of lungs. 

H. K., aged 47; ballisto. 4/12/38; heart 
rate is regular but the record is in the great- 
est confusion. TlTien breath is held the 
record clears up, but J is hardly larger than 
the other waves. ECG showed bundle 
branch block. Died 4/25/38. Necropsy: 
heart weighed 780 gm., pericardium normal. 
L.V. measures 3 cm. Coronaries are athero- 
matous. hCcroscopic: hypertrophy, fibro- 
sis; muscle fibers in some areas appear 
swollen. The smaller coronar}' vessels show 
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no changes. Diagnosis: myocardial hyper- 
trophy and fibrosis; coronary atheroma. 
Death from thrombosis of the pulmonar}^ 
artery, infarction of lungs and peribronchial 
lymphangitis. 

M. B., aged 64; B.P. 160/110; ballisto. 
2/1/38; auricular fibrillation; form varies 
from beat to beat and veiy few complexes 
are normal. 2/7/38, N.S.R. The complexes 
are small and mostly abnormal, especially 
in the I wave. Died 10/26/45. Necropsy: 
heart (620 gm.) moderately enlarged, par- 
ticularly L.V. All chambers are dilated. 
Coronary arteries are sclerotic and tortuous 
with narrowed lumina. Diagnosis: arterio- 
sclerotic heart disease. The patient died of 
a cerebral hemorrhage. 

A. F., aged 46; ballisto. 1/6/39; a very 
abnormal record. No dominant J peak, late 
downstroke type. Died 8/29/40. Necropsy: 
heart (630 gm.) hypertroplued (both ven- 
tricles). Infarct on posterior wall of L.V. 
Coronary vessels small, straight, sclerotic 
but not occluded. The aortic valve is thick- 
ened and the edges rolled; the mitral valve 
slightly thickened. Diagnosis: hypertrophy 
and dilatation, coronary sclerosis with nar- 
rowing and myocardial infarction. Sclerosis 
of aortic valve. 

C, S., aged 43; ballisto. 2/3/41; record 
completely confused by d 5 ''spnea. When 
breath is held impacts are of good amplitude 
and normal in form. 2/10/41, after loss of 
7 liters of fluid ballisto. same as 2/3/41. 
2/18/41, amplitude still large. J is notched. 
2/28/41, she has lost 16 liters of fluid; form 
very abnormal; deep K ver}'^ prominent. 
3/3/41, form extremel}’’ bizarre and confused. 
3/20/41, she has lost 71 pounds of fluid; K 
very deep, probably a delayed stopping im- 
pact. 12/10/42, complete confusion. 9/18/43 
ECG auricular fibrillation. Necropsy (10/ 
20/44): heart (1000 gm.) is massivelj’' en- 
larged, both ventricles. Tricuspid and mitral 
valves are thickened and contracted, and 
chorda) tendinea) thickened, fused and short- 
ened. IMyocardium measures: R.V. 10 to 
15 mm., L.V. 20 to 25 mm.; soft and flabby. 
Coronary arteries are patent. IMicroscopic: 
fibers are thickened and there arc scattered 
areas of degeneration and fibrosis. Diagno- 
sis: massive h.vpertrophy and dilatation of 
(loth ventricles; auricular dilatation: healed 
rneumatic endocarditis. Liver showed early 
cirrhosis and fatty degeneration. 

B. ]\I., aged 19; ballisto. 3/29/43; I wave 
was almost always abnormal. Usually it is 


little developed; an abnormal downstroke 
sometimes precedes I and exceeds it in size. 
Necropsy (11/21/43): heart (350 gm.) shows 
extreme hypertrophy and dilatation of the 
right ventricle and the left auricle. The 
aortic, mitral and tricuspid valves are scler- 
osed with e.xtreme mitral stenosis (Grade IV). 
Myocardium measures: L.V. 1 cm., R.A^ 
0.6 cm. Microscopic : the mitral yalve shows 
definite emdence of rheumatic involvement. 
No typical Aschoff bodies were noted. 
Diagnosis: rheumatic heart disease, h 3 'per- 
trophy and dilatation (right ventricle and 
left auricle), aortic, mitral and tricuspid 
valvulitis, myocarditis, mural thrombus. 
Patient died suddenly, probably due to cere- 
bral involvement b^'’ a fragment of the 
thrombus. 

H. G., aged 55; ballisto. 12/28/38, after 
coronary occlusion, auricular fibrillation; 
rate 160; extreme confusion, great beat to 
beat variation. Ballisto. 2/24/39, N.S.IL 
Verj’- high H, deep I, J about the same 
as H. A very interesting early M tracing. 
Necropsy (6/7/39): heart (350 gm.) red 
brown; .anterior tip of the L.V. is in- 
farcted and adherent to the pericardium; 
here the color is gi'ayish and the wall 
thin. L.V. measures 1.6 cm. Valves are 
negative. Anterior descending coronary oc- 
cluded 3 cm. from its origin by an organiz- 
ing thrombus. Diagnosis: coronar}' throm- 
bosis with ra 3 'ocardial infarction; pericardial 
adhesion and arteriosclerosis of coronaries. 
Healing myocardial infarct and organizing 
coronarj'^ thrombus. Patient died of bac- 
teremia and multiple liver absce.sscs. 

These results sliow clearl}' that ballisto- 
cardiograms abnormal in form are found 
chiefly" in patients whose hearts contain 
some tj'pe of structural abnormaliU'. If 
one omits the patients whose records be- 
came abnormal onlj' after operation, a 
group in wliich the records tistiall.v re- 
turned to normal before death, the evi- 
dence for this is even more striking; 2S 
of 32 cases (85% of those with abnormal 
ballistocardiograms wlio came to necrops.v) 
had some important structural abnormal- 
ity of the heart, as is summarized in 
Table 4, Of the remaining 4, 1 had a 
brown atroph.v of the myocardium. 1 
had a patch.v fibrosis of the m^-ocardium 
and in 2 there were advanced pathologic 
cljangcs in the lungs which may well have 
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Jianclicapped cardiac function by obstruct- 
ing the pulmonary circulation. 

Not included in the 40 cases mentioned 
above are 2 cases reported before.* Both 
of these had ballistocardiograms normal 
in form during life, and at necropsy their 
hearts were normal also. 

Discussion. Experience in the clinic 
and at the autopsy table can be summar- 
ized as follows: Never encountered in 
healthj' j'oung adults in the horizontal 
position, ballistocardiograms abnormal in 
form are obtained chiefly from patients 
who present indisputable evidence of 
heart disease. In the absence of such 
evidence, abnormalities of ballistic form 
are found largely in conditions in which 
cardiac complications recognizable by the 
usual clinical methods, are prone to de- 
velop. Another characteristic of these 
abnormalities is the tendency to occur 
with greatest frequency in patients after 
50 years of age; that is, in the age in 
which the degenerative heart diseases are 
found with increasing frequency. Thus 
we have good reasons to believe that a 
ballistocardiogram abnormal in form indi- 
cates myocardial abnormality. 

It is also true that ballistocardiograms 
abnormal in form were found in 58 cases 
in which no cardiac disease was suspected, 
and that in 9 cases abnormal ballistocardio- 
grams were found during life although the 
heart was normal at necropsy. We 
believe this finding is to be expected. 
Cardiac drugs such as digitalis profoundly 
affect cardiac function, and may render 
the ballistocardiogram abnormal in form, 
but they leave no traces which can be 
detected by gross or microscopic examina- 
tion of the heart. So it does not surprise 
us that disease can produce similar 
“functional” abnormalities, not to be 
detected by the usual examination or to 
be found at autopsy, a fact which does 
not diminish their importance. Many 
abnormalities detected by the electrocardi- 
ogram are of this type. So these results 
are not inconsistent ndth our belief that 
a ballistocardiogram abnormal in form 


indicates a myocardial abnormality worthy 
of attention by clinicians. 

It should also be pointed out that many 
cases with rheumatic and other t^^pes of 
organic heart disease, give normal ballisto- 
cardiograms. We have confirmed this 
several times at necropsy, so we have no 
doubt that normal ballistocardiograms 
are found frequently in patients with 
structurall 3 '^ abnormal hearts. Obviously, 
therefore, abnormality of ballistic form 
is not to be thought of as caused bj', or as 
diagnostic of, the structural abnormalities 
recognized b}’' the pathologist. It repre- 
sents a type of abnormality of cardiac 
function which could not be detected 
hitherto, a phj'siologic type, usually asso- 
ciated with the recognized structural 
types of abnormality, but by no means 
necessarily so. 

Furthermore, our e.xperience suggests 
that this abnormality is serious. While 
we have not attempted a follow-up of our 
234 cases, 53 are known to have died. 
Of the 4 subjects tested as normal but 
found to have records abnormal in form, 
only 1 survived the 8 to 10 year period 
without developing serious heart disease.® 

. We are only at the beginning of our 
attempts to discern the relative serious- 
ness of the many types of abnormalities 
found in our records but a few impressions 
should be recorded here. "l^Tien only the 
smallest complex in each respiratory cycle 
is abnormal in form, the prognosis is often 
not serious. We have foEowed 2 such 
cases for 10 years, the ballistic abnormal- 
ity has remained unchanged during aU 
this time. Now aged 62 and 63, their 
cardiac health has remained good, 1 re- 
cently withstood a herniorrhaphy without 
trouble, and both’ lead normal though not 
very active lives as college professors. On 
the other hand, persons giving records 
■with every complex distorted almost 
always show every evidence of being seri- 
ously ill. So we believe that the per- 
centage of abnormal complexes is an indi- 
cation of the severity of the cardiac 
abnormality. 
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Experience to date does not permit us 
to decide which of the great variety of 
abnormal shapes is of most serious import, 
but it seems likely that the greater the 
distortion of the ballistocardiogram, the 
more serious the abnormality. 

A study of this type does but little to 
advance our knowledge of the fundamental 
cause of the abnormalities of impact form. 
The belief that the form of the ballisto- 
cardiogram is determined by the shape of 
the cardiac ejection velocity curve is sup- 
ported by direct experiments to be pub- 
lished elsewhere.^ Data encountered dur- 
ing the present study give indirect support 
to this view. In Figure 2-a are shown 
records of a case with varying bundle 
branch block. When the electrocardio- 
gram is normal the ballistocardiogram is 
normal also and the pulse wave rises 
abruptly. When the electrocardiogram is 
abnormal, the ballistocardiogram becomes 
abnormal also and the pulse rises much 
more slowly, evidence that the curve of 
ejection velocity has altered. 

While many types of ballistic abnormali- 
ties of form may be thus explained, one 
must recall that in disease the 2 sides of the 
heart may not be affected similarly. Char- 
acteristic changes of form may be expected 
if the ejection of 1 side remains normal 
while the other accelerates the blood more 
slowly. Our best example of this, a record 
secured in a case of left ventricular aneu- 
rysm, has been reproduced in another pub- 
lication.^® Its abnormality, an abnormal 
J wave, flattened or notched, the form 
varying with the phases of respiration, 
may well be characteristic of this condi- 
dition. The notched J peak seen in some 
cases of bundle branch block may well 
have a similar explanation; an example is 
given in Figure 1-c and here the delayed 
rise of the pulse wave as well as its dis- 
torted peak, suggest that ejection from the 
left side was abnormal. But it must be 
emphasized that many cases of bundle 
branch block have normal ballistocardio- 
grams. 

If one accepts the idea that abnormali- 


ties of ballistic form are due to abnormali- 
ties in the manner in which the heart 
ejects blood, most of our findings can be 
readily explained. Most cases in which 
the form of the ballistocardiogram varies 
irregularly from beat to beat have major 
electrocardiographic abnormalities. In au- 
ricular fibrillation and flutter, because of 
abnormal excitation, the heart’s contrac- 
tions vary in strength as well as in time, 
and the systolic complexes of the ballisto- 
cardiograms are accordingly distorted. 
In addition, irregularity of rate makes a 
variation in cardiac filling which tends to 
permit stronger beats after the longer 
pauses. In complete block, when the 
auricular beat has its normal time rela- 
tion to ventricular systole, the ballisto- 
cardiogram may become normal or most 
nearly so, in contrast to the small and dis- 
torted complexes often seen when the 2 
beats are dissociated. Obviously better 
filling in the first instance permits a more 
normal ventricular contraction. 

The cases in which the form varies with 
the respiratory c^^cle can be explained 
similarly. A variation in cardiac filling 
is induced by the pressure changes of the 
respiratory cycle.'® Apparently the weak- 
ened heart contracts in a manner most 
nearly normal when it is well filled, for 
the ballistocardiogram is normal or most 
nearly approaches the normal, at the 
height of inspiration in all such cases; 
when filling is less adequate abnormalities 
of ejection manifest themselves and are 
reflected in abnormal ballistic form. This 
might indeed be expected from Starling’s 
Law of the Heart. 

Not so readily e.xplained are a few irregu- 
lar and distorted records not accompanied 
by electrocardiographic abnormalities and 
not varj.’ing with respiration. These 
records are so seldom found in any except 
very sick patients that e.xperience has led 
us to suspect that the patient’s condition 
is serious whenever a record of this tj'pe 
is seen. In some cases diaphragmatic im- 
pacts complicate the record, but tliese can 
be readily identified by their absence when 
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the breath is held. To explain this abnor- 
mality, we recall experience with sub- 
jects who fainted while standing on the 
vertical ballistocardiograph.® Before they 
collapsed, the record was always distorted 
by impacts from muscular movements 
which may well have been purposeful, that 
is, designed to support a failing circulation. 
Perhaps some extremely ill patients utilize 
the same mechanism to support a failing 
circulation in the horizontal position. So 
it may well be that movements of the 
skeletal muscles, too small to be perceived 
by the unaided eye, are the cause of the 
completely irregular ballistocardiograms 
obtained in some seriously ill persons. 

This study provides some interesting 
data on the genesis of abnormal diastolic 
waves. The record (Figure 1-e) of a case 
with a large arteriovenous communication 
shows such a large diastolic wave that it 
exceeded the systolic complex in size, over 
part of the respiratory cycle. After closure 
of the communication, the diastolic abnor- 
mality disappeared completely. It seems 
evident that the increased pressure in the 
venous side propelled the blood into the 
relaxing heart with so much force that a 
large impact resulted. In a case of con- 
strictive pericarditis, also with high ven- 
ous pressure, adarge diastolic complex was 
seen, and it proved to be simultaneous 
vdth the collapse of the venous pulse re- 
corded optically on the same film, so evi- 
dently the same explanation holds. 

In a case of aortic regurgitation, demon- 
strated at autopsy, the large diastolic wave 
was doubtless due to blood running back 
into the heart during diastole. Indeed, 
most of the abnormalities of ballistic form 
have physiologic explanations which seem 
satisfactory enough. 

An abnormality of form, absent in the 
record taken at rest, may be easily demon- 
strable after exercise. Figures 2-f and g 
give examples of this and the explanation 
seems obvious; a slightly diseased heart, 
able to expel the blood normall 3 ^ during 
rest, is unable to do so when extra work 
is demanded of it. 


Not so easil.v e.xplained are 2 observa- 
tions associated with the standing posi- 
tion. Certain small deviations are judged 
abnormal in records secured in subjects 
in the horizontal position because they 
are never found when the subject is 
healthy. But similar deviations are found 
frequently in records taken in healthj- 
subjects standing upright (Fig. 1-f) and 
so these deviations cannot be regarded a.« 
abnormal in standing subjects. Indeed 
a healthy subject giving a normal record 
when horizontal may show these deviations 
after he arises. The reason for this is far 
from clear to us. Perhaps asynchronism of 
ejection of the 2 sides of the heart, sug- 
gested by observation made by aorta and 
pulmonary artery by the electrokymo- 
graph,* is the explanation. Such asjm- 
chronism, were it present only in the up- 
right position, would explain our findings. 

We were also surprised to find that 
many patients, giving abnormal records 
at rest, gave records more normal in form 
after they arose and stood upright. An 
example is given in Figure 2-d and 2-e. 
Though another explanation was consid- 
ered,® it is simpler to assume that this 
finding occurs in persons whose cardiac 
output diminishes on assuming the stand- 
ing position, a change which relieves the 
heart of strain, so that in the upright 
position less blood needs be ejected and 
a weakened heart can do this in a more 
normal manner. 

The relationship between the abnor- 
malities of form of the ballistocardiogram, 
and those of the electrocardiogram de- 
serves some further discussion. The 
major abnormalities of rhythm, such as 
auricular fibrillation, flutter and block, are 
usually accompanied by ballistocardio- 
gram S abnormal in form. But it must 
be emphasized that the electrocardio- 
gram and the ballistocardiogram detect 
abnormalities of a very different kind 
which are often, but need not be alwaj's, 
associated. Thus auricular fibrillation 
accompanied by ballistocardiograms en- 
tirely normal in form is not uncommon. 
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an indication that despite an abnormality 
of excitation the ventricle may still expel 
blood normally. 

The significance of the cardiac abnor- 
mality identified by ballistocardiograms 
abnormal in form can best be presented 
by a crude example. The senior author 
once watched 2 men engaged in lifting a 
series of heavy milk cans from the ground 
onto a truck. The cans were lifted one 
at a time, each man working without 
assistance, and 1 workman followed the 
other at regular intervals until the truck 
was loaded. Therefore, the physical work 
performed by the 2 men in loading the 
truck was equal; it could be calculated 
from the product of the weight lifted and 
the distance it was raised. But the man- 
ner in which the 2 men performed their 
task was very different. One of them, a 
young and powerful person, raised his cans 
with a quick heave, while the other, an 
older and slighter man raised his far more 
slowly. The difference lay in the time 
required to do the lifting; the younger 
man could have lifted 2 cans in the time 
the older man took for 1. To use the ter- 
minology of the physicists, the younger 
man' had more power. 

Similarly, when the heart accelerates 
the blood so that maximum velocity is 
reached early in sj'^stole it is demonstrat- 
ing more power than if the blood is 
accelerated more slowly, though the car- 
diac output may be the same in the 2 in- 
stances. Indeed, our results provide evi- 
dence that a weakening heart saves itself 
by lifting its load more slowly, just as a 
weakening man would tend to do. 

Finally, we must point out the relation- 
ship between this physiologic abnormality 
of the heart detected by changes in form 
of the ballistocardiogram and that identi- 
fied by one of the very oldest of clinical 
examinations, the palpation of the pulse. 
The abrupt pressure change which is de- 
tected as a strong pulse has its genesis in 
the rapid acceleration of the blood by the 
heart, and the more gradual change char- 


acteristic of a soft pulse has its origin in a 
slower acceleration of blood. But periph- 
eral factors also enter into the form of the 
pulse wave. And we believe that no 
clinician, however skilled, could deduce 
from palpation or record of the pulse, the 
many abnormalities so easily detected b^”^ 
the ballistocardiogram. 

Summary. Ballistocardiograms abnor- 
mal in form have been encountered in 
234 cases, of which 40 came to necropsy, 
during the past 10 years. The ballistic, 
clinical and necropsy records of these cases 
have been compared and the results 
analyzed. 

The various types of abnormalities of 
ballistic form are described. This form 
may vary from beat to beat, or it may 
vary with respiration so that in many 
cases no one type of complex predominates. 
In other cases 1 type of abnormality does 
predominate, but there is usually some 
beat to beat variation. 

Abnormalities of ballistic form were 
encountered most frequently in the cases 
in which there was manifold evidence of 
heart disease, or in conditions such as hy- 
pertension and hyperthjToidism in which 
heart disease is a frequent complication. 
They were found with great frequency in 
cases in which structural abnormalities 
of the heart were later demonstrated at 
necropsy. Nevertheless, ballistic abnor- 
malities of form were encountered in 
58 cases in which no cardiac abnormality 
had been suspected, and in S cases in 
which the heart was essentially normal 
at necropsy. 

It is concluded that an abnormality of 
ballistic form indicates an important type 
of cardiac dysfunction, the manifestation 
of an abnormal manner of contraction. 
This functional abnormality is usually 
associated with well-known kinds of struc- 
tural abnormality, but it has also been 
found quite frequently when cardiac dis- 
ease was not detected by the routine 
clinical tests now in use. 
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CARDIOVASCULAR DISEASE'*'- 


By Ieene G. Tajlvgna, IM.D. 

RESEARCH ASSISTANT IN MEDICINE 
AND 

Charles A. Poindexter, 

CHIEF OF DIVISION OF CARDIOEOGV 
NEW YORK, NEW YORK 

(From the Division of Cardiology, Department of Medicine, Now York Post-Graduate 

Medical School and Hospital) 


In 1945 Acheson and Moe^ described the 
pharmacologic action of tetraethylam- 
monium, a quarterinary ammonium ion, 
which blocks the transmission of post- 
ganglionic nerve impulses at the sympa- 
thetic ganglia. This temporaiy paralysis 
blocks vasoconstrictor impulses and results 
in a drop in blood pressure. It appears, 
therefore, that tetraethylammonium chlo- 
ride has a specific action--®'^® on the same 
structures, which are removed in the 
operative procedure known as thoracolum- 
bar sympathectomy. 

An opportunity arose to study the effect 
of this drugt on a sizable number of 
hypertensive cases. The same cases were 
also subjected to the sodium am^^tal test. 

The use of sodium amytal is a fairly 
standard procedure in evaluation of hyper- 
tensive subjects.® The tesP consists in the 
oral administration of 3 grains of sodium 
amj^al at hourly intervals for 3 doses. 
The blood pressure is taken at 30 minute 
intervals for 4 to 6 hours. 

Sodium amytal lowers the blood pres- 
sure mainly by depression of the central 
nervous system. It depresses the vaso- 
motor center;^'” it acts on the hj-pothal- 
mus;® it depresses the proprioceptive 
mechanism regulating the vasomotor 
tone;® and it dilates the peripheral blood 
vessels by direct action. Obviously, 
sodium amytal does not produce a specific 
paralyzing action on the structures re- 


moved by surgery in thoracolumbar sym- 
pathectomy. It was thought, therefore, 
that tetraethjdammonium chloride might 
provide a more specific and valuable test. 

Technique. The technique of the tetra- 
ethylammonium chloride test is as follows: 
Control blood pressure readings are taken at 
bedrest. The arm with the lower blood 
pressure is used throughout the test. Two 
cc. (0.2 mg.) of tetraethylammonium chloride 
is injected slowly, intravenously, over a 
period of 1 to minutes. The blood pressure 
is taken at 30 second intervals during the 
injection, and at 1 minute intervals there- 
after until the control level is reached. The 
lowest levels are reached 1 to 3 minutes after 
starting the injection. In almost ever^' case 
a secondary drop in blood pressure occurred 
about 10 minutes after the injection. This 
was never as extensive as the primary drop, 

A comparison in the same patient 
between the tetraethylammonium chloride 
and the sodium amytal tests is shown in 
Figure 1. It is drawn on a semilogarith- 
mic scale which progressively reduces the 
hourly intervals. The tests were per- 
formed on following days. The control 
blood pressure was 200/135 in both tests. 
During the sodium amytal test, the lowe.st 
level (160/110) was reached after 90 min- 
utes. In contrast, only 3 minutes after the 
administration of tetraethylammonium 
chloride the blood ])re.=sure dropped to the 
.same level. The tetraethylammonium 


* A preliminary report of this study was pre-entod at a meotinn of the New York Heart .\‘--or!aiion. 
April 14. 1947. 

t Supplied by Parke Davis A- Company. 
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chloride test was completed in 27 minutes, 
while the sodium amytal test required 
5^ hours. 

, Results. In 68 hypertensive cases the 
tetraethylammonium chloride and sodium 
amytal tests were compared. All blood 
pressure readings were taken by a compe- 
tent and experienced nurse technician. A 
marked parallelism in both the systolic and 
diastolic drops was observed.® In the fol- 
lowing discussion, reference will be made 
only to the diastolic blood pressure. 


diastolic fall during the tetraethylam- 
monium chloride test of 75 to 90 mm., 
while the level dropped only 30 to 40 mm. 
during the sodium amytal test. The first 
2 cases showed evidence of mild circu- 
latory distress following the administra- 
tion of tetraethylammonium chloride. A 
similar reaction was observed by Lyons and 
Moe in patients with malignant hyper- 
tension.*® The 4th case showed a more 
extensive drop in diastolic level during the 
sodium amytal test than during the tetra- 


mm 



Fig. 3. — Four cases showing a marked discrepancy in the fall in diastolic blood pressure between the 
sodium amytal and the tetraethylammonium chloride test. 


Comparing the differences between the 
control and lowest diastolic levels obtained 
during the sodium amytal tests vdth those 
obtained following the administration of 
tetraethylammonium chloride, it was found 
that these drops varied b}* less than 15 mm. 
in 51 cases, by 15 to 30 mm. in 13 cases, 
and above 30 mm. in 4 cases (Fig. 2). 

Figure 3 shows the 4 cases in which there 
■nas a marked discrepancy between the 2 
tests. In the first 3 cases, the diagnosis was 
malignant hypertension. These showed a 


ethylammonium chloride test. In this case, 
the intravenous injection of tetraethylam- 
monium chloride was painful because of 
poor technique. Perhaps the blood pres- 
sure failed to drop because of increased 
amounts of circulating epinephrine, sec- 
ondary to the pain of the injection. 

In our e.xperience, side reactions to the 
tetraethylammonium chloride have been 
insignificant. They consisted in immediate 
tingling sensations in the extremities and 
tongue, and lasted only a few minutes. 
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Transient dizziness and weakness, pallor 
and visible perspiration were noted in 2 
patients with malignant hypertension. 

Electrocardiograms were not altered 
during the tetraethylammonium chloride 
or sodium amytal tests. 

Discussion. Tetraetliylammonium clilo- 
ride as compared vdth sodium amytal 
appears to be a safe and more specific 
agent for the preoperative evaluation of 
hj'pertensive patients. Results are ob- 
tained within 30 minutes, as compared to 


5 hours with sodium amytal. The patient 
is awake throughout the test, as compared 
to a day of drowsiness from sodium 
amytal. There is a marked parallelism in 
the drop in blood pressure in both tests. 
A study of the correlation between the 2 
tests from the prognostic point of view 
is in progress. 

Summary. The effept of sodium amytal 
and tetraethylammonium chloride was 
studied on 68 hypertensive patients and a 
marked parallelism in the drop of blood 
pressure was observed in both tests. 


The authors wish to thank Dr. J. W. Hinton for the use of his cases, and hliss A. M. Mager for tech- 
nical assistance. 
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The hemorrhagic complications of hy- 
pertension are well knotvn to physicians 
and unfortunately are both known and 
feared by individuals with hypertension. 
Anj'^ method of study which is capable of 
predicting such a development is worthy 
of becoming a routine procedure in the 
study of hypertensive patients. The eval- 
uation of results of prophylactic treatment, 
if available, would then rest on a firm 
basis. It has recently been suggested by 
Griffith and Lindauer^ that there is a close 
association between capillary hemorrhages 
and cerebral apoplexy. In fact, they go 
so far as to say that “persons with increas- 
ed capillary fragility are especially pre- 
disposed to apoplexy, retinal hemorrhages 
and death. 

Previous studies had been made of the 
association of these 2 phenomena by 
Weismann,® Levrat and Ballinet,® Beaser, 
Rudy and Seligman,^ and others. Marked 
differences in results were obtained which 
depended apparently on the technique 
used in performing the so-called capillary 
fragility test. Levrat and Ballinet ob- 
tained 85 % positive reactors using a supra- 
diastolic positive pressure technique, and 
Griffith and Lindauer obtained 18% posi- 
tive reactors using an infradiastolic posi- 
tive pressure technique. It is interesting 
to note that neither of these percentages 
is similar to those usually reported of the 
number of hypertensives who suffer a 
cerebral hemorrhage. 

Obviously, such differences in results 
suggest that the different techniques may 
be testing different functions relating to 
subcutaneous petechial hemorrhages, any 


one of which, or any combination of which, 
or all of which, may not be related to 
the cerebral hemorrhage of hypertension. 
Many of the former investigators have 
already discussed various aspects of the 
significance of different techniques. The 
test can, of course, be performed at such 
a low positive pressure as to produce 100 % 
negative reactions, and it may be possible 
to perform the test at such a high pressure 
as to obtain 100% positive reactions. It 
is also known that there is no relationship 
between the positive pressure technique 
and the negative pressure (suction) tech- 
nique.^ 

Gothlin® had already developed an infra- 
diastolic positive pressure test for sub- 
clinical scurvy. Griffith and Lindauer 
used this test for capillary fragility in 
hypertension. It is well known that sub- 
clinical scurvy is present in many diseased 
states, and indeed may be present in the 
apparently healthy young adult. It ap- 
peared to us necessary to reevaluate 
Gothlin’s procedure as a test for capillary 
fragility in hypertension, but only after 
subclinical scurvy had been excluded. 
The simplest way to do this is to saturate 
patients with vitamin C before performing 
the Gothlin test. It was also thought 
desirable to compare the Gothlin reaction 
with the Rumpel-Ixedc®'” reaction. 

Methods and Material. A caji'nlc con- 
taining .50 me. of ascorbic acid, .50 nvz. of 
niacinamide, o mcc. of thiamin chlnride and 
.*1 mg. of ribofla\'in, had been iriven to all 
patient^ .studied, .3 time< daily for at least 
1 month prior to the tests. 

The modification of the Gothlin test sue- 
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gested by Griffith and Lindauer was used as 
«ie mfradiastolic positive pressure technique. 
The readings were recorded both in daylight 
and with the aid of a 300 watt lamp. The 
supradiastolic technique used was the one 
ordina.rily known as the Rumpel-Leede test. 
This IS performed by inflating the blood 
pressure cuff to approximately 10 mm. of 
mercury above the diastolic pressure of the 
patient and keeping it inflated for 5 minutes, 
^ter deflation of the cuff and after cyanosis 
has disappeared, the number of petechia 
I^esent in a 2.5 cm. square area, 4 cm. below 
the crease of the elbow was counted. Any 
number below 20 was regarded as normal 
and any number above 20 was regarded as 
abnormal. This division into normal and 
abnormal reactions is generally accepted by 
most hematologists. The Gdthlin test was 
f^rformed before the Rumpel-Leede test and 
the Gothlin test was not repeated at inter- 
vals of less than 1 month. The Gothlin test 
was read both in daylight and with the aid 
of a 300 watt lamp and a small magnifying 
len^ If the Gotlilin test was negative in 
both arrns, the Rumpel-Leede test was per- 
formed immediately afterwards usually on 
the right arm. 

non-hypertensi%^e patients and 
50 hypertensive patients were studied. Ten 
of the non-hypertensive patients were con- 
valescing from tuberculosis at the Eagleville 
Sanitorium. The other 15 patients had com- 
plaints of non-infectious nature and were 
attending our out-patient medical clinic, or 
were on our medical wards. No selection of 
patents was made beyond the requirements 
that they should have been on the vitamin 
capsule previously described for at least 
inonth and should have no acute infections. 
(Jnly 1 diabetic patient was included in our 
control series (the reason being that our 
general medical clinic ordinarily refers the 
diabetic patients to a special clinic). 

Results. Of the controls, only 1 gave a 
positive Gothlin and a positive Rumpel- 
Leede test. He was our only diabetic 
patient. It is possible that, if we had more 
diabetic patients in our control group, 
the numl^r of positives might have been 
higher. The remaining 24 patients gave 
ot a negative Gothlin and negative 
Rumpel-Leede reaction. 

Fifty hypertensive patients were studied. 


Most of these patients were from our 
medical clinic where they had been fol- 
lowed for several months to more than 
10 years as hypertensive patients. The 
rest were private patients whose hj'per- 
tension was likewise of years duration. 
The tests on the pr'vate patents were 
done, for the most part, while these pa- 
tients were hospitalized for treatment of 
their hypertension or complications of 
hypertension, or for the evaluation of the 
type of treatment best suited for their 
hypertension. A few were studied in our 
office. 

All of our patients had numerous blood 
pressure readings during months or years. 

The criterion for a diagnosis of hyper- 
tension was a diastolic blood pressure of 
100 rfim. of mercury or more. Only 1 pa- 
tient with a diastolic blood pressure of 
90 mm. of mercury was accepted. He had 
consistently a systolic blood pressure 
above 200 mm. of mercury. All patients 
had eye-ground changes consistent with 
hypertension. Most had clianges in the 
size and shape of the left ventricle con- 
sistent with hypertension. The blood 
pressure naturally varied from visit to 
rdsit but all were consistently above nor- 
mal. The approximate mean blood pres- 
sures, the results of the tests of " capillary 
fragility” and the eye-ground findings are 
recorded in Table 1. It is again pointed 
out that all these hypertensive patients 
were given vitamin C and other ^^tamins 
in full dosage for at least 1 month before 
testing. 

Discussion. It can be seen that only 
2 patients, L. L. (5) and N. P. (24), gave 
a positive Gothlin test. L. L. had Paget’s 
disease and N. P. had diabetes. Thirty- 
three patients (66 %) gave a positive Rum- 
pel-Leede test. The 2 with a positive 
Gothlin reaction had a mild type of 
hypertension. Although the Rumpel- 
Leede test appears to be more frequently 
positive as the diastolic pressure increases, 
there is no absolute correlation between 
the diastolic blood pressure and a positive 
Rumpel-Leede reaction, as occasionally 
the Rumpel-Leede test is positive with a 
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Tabld L— Data on Capillary Fragility, Eyegrounds and Blood Pressure in 50 Hyper- 
tensive Patients Who Had Received Vitamin C in Full Doses for 1 Monih oh More 

No. petechi® 


Name 

Age 

Blood 

Gothlin 

300 IV. lamp and daylight 
Arms (C cm. sq.) 

Rumpel-Leede 

Arm (2.5 cm. sq.) 

Eye-grounds, grade of 

piessure 

R 

L 

R 

L 

R 

sclerosis and remarks 

I. L. B. 

79 

212/90 

0 

0 

0 

0 

70 

ii 

2. M. C. 

60 

200/100 

0 

0 

0 

0 

0 

Marked angiospasm 

3. B. L. 

37 

100/100 

0 

0 

0 

0 

42 

z 

4. V. T. 

39 

130/100 

— 

— 

0 

0 

0 

ii 

5. L. L. 

59 

150/100 

— 

— 

0 

7 

Countless 

i and Paget’s disea‘?c 

I 

0. H. B. 

49 

105/105 

1 

1 

1 

1 

30 

7. R. B. 

47 

170/105 

1 

1 

1 

1 

35 

i 

8. G. E. 

48 

150/100 

0 

0 

0 

0 

0 

1 

9. G. 0. 

48 

152/104 

0 

0 

0 

0 

0 

i 

10. G. S. 

38 

140/100 

0 

0 

0 

2 

50 

i and pulmonary tuberculosis 
x 

11. S. A. 

52 

150/100 

0 

0 

0 

0 

0 

12. M. W. 

58 

170/100 

0 

0 

0 

0 

0 

i 

13, E. W. 

02 

170/102 

0 

0, 

0 

0 

34 

2 

14. D. K. 

48 

105/105 

0 

0' 

0 

0 

Countless 

i 

15. D. S. 

53 

170/100 

0 

0 

0 

0 

Countless 

1 and goiter and anemia 

IG. J. C. 

50 

170/100 

0 

0 

0 

0 

10 

ii 

17. M. B. 

47 

170/110 

1 

0 

0 

0 ' 

00 

1 

18. T. T. 

50 

170/110 

0 

0 

0 

0 

10 

i 

19. W. M. 

03 

210/110 

0 

0 

0 

0 

0 

n and hemorrhages 

2 

20. R. H. 

08 

190/110 

0 

0 

0 

0 

0 

21. M. P. 

45 

190/110 

0 

0 

0 

0 

00 

1 

22. C. S. 

02 

240/110 

0 

0 

1 

1 

4 

1 

23. E. E. 

62 

170/115 

2 

1 

0 

1 

40 

n 

24. N. P. 

58 

178/118 

— 

— 

.3 

7 

Countless 

1 and diabetes 

25. S. L. 

03 

210/120 

0 

0 

0 

0 

15 

ji and coronary artery disease 

20. E. H. 

GO 

195/120 

1 

2 

I 

1 

.30 

11 

27. M. T. 

40 

220/120 

0 

0 

0 

0 

0 

II 

28. R. C. 

37 

100/120 

0 

0 

0 

0 

42 

1 

29. H. S. 

54 

200/120 

1 

0 

0 

1 

2! 

\ 

30. F. G. 

52 

220/120 

0 

0 

0 

0 

7 

I 

31. T. L. 

54 

218/120 

1 

0 

0 

0 

21 

I 

32. F. R. 

54 

210/120 

1 

1 

0 

0 

Countless 

n and apoJ)Ic^^ 

33. G. D. 

41 

175/118 

— 

— 

0 

1 

Countless 

1 

34. G. P. 

17 

190/130 

1 

0 

0 

0 

59 

Ji 

35. C S. 

54 

224/130 

0 

1 

0 

0 

100 

ji 

3fi. E. D. 

52 

220/120 

0 

0 

0 

0 

100 

in 

37. K. S. 

42 

220/130 

— 

— 

0 

1 

Countless 

n and hcinorrhagi s 

38. M R. 

30 

170/128 

— 

— 

0 

2 

Countless 

ii and hemorrhages 

30. r. K. 

57 

185/123 

— 

— 

1 

1 

Countless 

n and hemorrhages 

40. G R. 

47 

200/130 

— 

— 

1 

1 

Countless 

u and diabetes 

41. S D. 

44 

160/120 

0 

0 

0 

0 

Countless 

Angiospasm 

42. E. H. 

44 

232/128 

0 

0 

0 

0 

0 

Retinitis of malignant li.vper- 
ten'ion 

43. J. B. 

52 

170/120 

0 

0 

0 

0 

50 

in and hemorrhages 

44. M. G. 

37 

230/140 

— 

— 

0 

0 

Countless 

11 and hemorrhages 

45. K. S. 

42 

240/150 

— 

— 

1 

1 

Countless 

ai and hemorrhages 

40. R. S. 

27 

240/140 

— 

— 

1 

1 

Countless 

a and hemorrhages 

47. Y. F. 

29 

100/140 

0 

1 

0 

0 

00 

2 

48. L. F. 

49 

230/150 

0 

0 

0 

0 

0 

I 

49. P. T. 

00 

250/150 

— 

— 

0 

— 

21 

Severe angiosi>a'=m 

50. .\. B. 

30 

200/170 

0 

0 

0 

0 

4 

Hctnutis of malignant h\per- 
tension 

Table 

2 , 

The Effect or 

Rutin 

ON 

THE 

Gothlin and Rumpei,-Leede Reactions of 


Hypertensive Patients Previously Saturated With Vitamin C 


Numes 

Before nitin tiicmpy and after at least 
a mont ii of vttamm C therapy 
(No of pctcchim) 

Gothim Rumpel-Leede 

.\fter 1 mo. of rutin and 2 mo-, 
of vitamin C therapy 
(No. of pctechitp) 

Gothim Rumpcl-]>ede 

5. 

L. L. 

13 

Countless 

10 

Countless 

10. 

G. S. 

2 

50 or more 

, , 

50 or more 

15. 

D. S. 

0 

Countless 


Countless 

17. 

M. B. 

0 

50 or more 


50 or more 

21. 

M. P. 

0 

50 or more 

. . 

50 or more 

24. 

N. P. 

12 

Countless 

0 

Countless 

2G. 

E. H. 

2 

50 or more 


oO or more 

32. 

F. R. 

0 

Countless 


Count le-s 

3.3. 

G. D. 

1 

Countlc'^s 

, , 

Countle-> 

34. 

G. P. 

0 

50 or more 

. . 

50 or more 


It is scon from thc^c results that rutin was not able to revers-e the Rumpol-Lecfie test to normal or 
the 2 positive Gotlilin reactions to norni.al in our li>7)crlcnsivc p.atients vho hadlieen previously satu- 
rated with vitamin C. 
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minimal increase in pressure and it is 
rarely negative vdth a marked increase in 
pressure. It is interesting to note that the 
patient with the highest pressure we ob- 
served, who also had numerous retinal 
hemorrhages, gave a negative Rumpel- 
Leede test (A. B., Case 50, in a malignant 
phase of essential hypertension). 

Age appears to be no factor in the 
production of a positive Rumpel-Leede 
test, as the average age group in each is 
47 years. 

It is noteworthy that 3 (19, 42, 50) of 
our 9 patients with retinal hemorrhages 
gave a negative Gothlin and Rumpel- 
Leede reaction. This suggests that there 
is no correlation between a negative Rum- 
pel-Leede or Gothlin reaction with ab- 
sence of retinal hemorrhage. There is 
ob%douslj' no correlation between a posi- 
tive Rumpel-Leede reaction and the pres- 
ence of retinal hemorrhages as over 80% 
of our hypertensive patients vdth positive 
Rumpel-Leede reactions had no retinal 
hemorrhages. 

Retinal hemorrhages ma 5 ’- be related to 
the diastolic blood pressure, as all our 
patients, with a single e.vception, who 
showed this phenomenon had a diastolic 
pressure above 120 mm. of mercury. 
This 1 exception, a 63 year old hyperten- 
sive patient, had a blood pressure of 
210/110. The diastolic blood pressure, 
however, is not the only or the determin- 
ing factor. This is indicated by the fact 
that 8 (50 %) of our patients with a dias- 
tolic blood pressure above 120 mm. of 
mercury had no retinal hemorrhages. 

• Griffith and Lindauer^ found the Goth- 
lin test positive in 18% of their hyper- 
tensive patients. We had only 2 patients 
(4%) vuth positive Gothlin tests. This 
may have been due to the fact that our 
patients had been saturated ■with 'sdta- 
min C for at least 1 month before the 
Gothlin test was performed. At any rate, 
we could not test the effect of rutin on 
the Gothlin reaction except in these 
2 patients. 

We thought it worth while to test the 
effect of rutin on patients with a positi-im 


Rumpel-Leede reaction. Ten patients 
were re-studied (5, 10, 15, 17, 21, 24, 26, 
32, 33 and 34). The patients were kept 
on the vitamin capsule and in addition 
were given 20 mg. of rutin 3 to 4 times 
a day for 1 month. The Gothlin test and 
the Rumpel-Leede test were repeated. 
No significant difference in the number 
of petechi® or the intensity of the pete- 
chial reaction was observed. The results 
are recorded in Table 2. 

To us there appear to be 3 possible 
reasons for the negative Gothlin tests in 
our hypertensive patients: 

1. The petechi® may have escaped our 
observations. The petechi® which appear 
after a positive Gothlin reaction are 
smaller and fainter than those after a 
positive Rumpel-Leede reaction. We were 
aware of the difference in the appearance 
of the petechi® and independently exam- 
ined the first 25 hj’pertensive patients in 
daylight and with a 300 watt lamp, with 
this thought in mind. Certainly, if the 
petechi® were so small as to escape our 
observations, we feel that this test is not 
apt to be generally successful in the hands 
of other physicians. 

2. We maj' have had an unusual run of 
negative results and our results miglit 
have been different had we continued with 
more patients. Although this possibility 
exists, it appears highly improbable. 

3. The administration of vitamin C 
maj’’ have prevented the appearance of a 
positive Gothlin test. This appears to us 
the most likely explanation and it suggests 
the need for reeevaluation of this test_on a 
large series of patients preriously saturated 
ndth vitamin C. 

Bell, Lazarus and hlunro- had already 
made a critical analysis of capillary fragil- 
ity determined by the Gothlin method. 
They reported a 10.7% positive reaction 
in presumably healthy normal students of 
20 years of age living on a diet which was 
available in England in 1940. All but 
2.5 % responded to vitamin C. They also 
noticed variations with light intensity, 
season and menstrual cycle. It is possible 
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that hypertensive patients have a higher 
incidence of subclinical scurvy than the 
normal students studied by Bell, Lazarus 
and Munro. 

Conclusions. 1. The capillary fragility 
of 50 hypertensive patients previously 
saturated with vitamin C for 1 month, 
was determined by the Gothlin and Rum- 
pel-Leede tests. 

2. Only 2 patients had a positive Goth- 
lin test and 33 had a positive Rumpel- 
Leede test. 


3. "V^Tien the Gothlin test was performed 
on hypertensive patients pre^dously placed 
on an adequate vitamin C intake, we were 
unable to verify the results obtained by 
Griffith and Lindauer. 

4. Rutin did not reverse to normal the 
Gothlin test of 2 patients who had been 
previously saturated with vitamin C. 

5. Rutin did not reverse to normal the 
Rumpel-Leede test. 

6. There does not appear to be any cor- 
relation between retinal hemorrhages and 
a positive Rumpel-Leede reaction. 
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Cekebhal hemorrhage is said to be the 
cause of death in a little less than one- 
third of all h3^ertensive individuals. 
Conversely, hj’pertension is present in 
well over 90% of indi\dduals dying of 
cerebral hemorrhage. In spite of the 
frequency of cerebral hemorrhage, the 
pathogenesis of this accident in the hyper- 
tensive patient is still obscure. Two 
factors appear to be operative. One is 
hypertension or sudden variations in 
hypertension. The other is apparently a 
local factor, as it is well known that 
extremely high pressures such as are not 
present during life, fail to produce hemor- 
rhage in the brain of cadavers. Various 
local factors have been invoked. Charcot 
and Bouchard^ thought that miliary 
aneurysms were present which ruptured 
under a sudden increase in pressure. 
Rosenblath^ suggested a hj'pothetical en- 
zyme of renal origin which produced 
destruction of nerve tissue. Westphal 
and Bar® suggested repeated angiospasms 
which produced ischemia of nerve tissue 
and thereby weakened the support of 
blood-vessels as they reopened. Globus 
and Strauss- suggested an ischemic necro- 
sis of nerve tissue due to progressive 
arteriolar sclerosis and obliteration of the 
lumina of the cerebral vessels. This weak- 
ened the support of the walls of the blood- 
vessels as they dilated under the influence 
of a sudden increase in the pressure. 
Scheinker® was impressed by the rich ven- 


ous system of those regions of the brain 
stem which are commonly the seat of 
massive hemorrhage. He was also im- 
pressed by the lack of hemorrhage in those 
regions which are rich in arterial and 
capillary network. He described stasis, 
distention, atrophy, degeneration, occlu- 
sion and necrosis of veins in the regions 
of hemorrhage and he believes that the 
hemorrhage is of venous rather than 
arterial origin. Recently, GriStb and 
Lindaueri suggested the frequent associa- 
tion of capillary hemorrhage, retinal hem- 
orrhage, cerebral hemorrhage and death 
in hypertensive individuals. Retinal hem- 
orrhages are readily accessible to inspec- 
tion. We therefore decided to try to 
estimate the value of retinal hemorrhage 
as a prognostic sign of cerebral apoplexy. 

Method and Material, The records of all 
patients with hypertension who had been 
admitted to Temple University Hospital 
betw’een 1941 and 1946 inclusive and had 
died or had sustained a cerebral hemorrhage 
were reviewed. Only those records which 
contained an eye-ground .study made by 
Dr. Walter I. Lillie or Dr. Glenn G. Gibson 
of the Department of Ophthalmology of 
Temple University Medical School w'ere 
accepted for study. This was done so that 
there would be no question about the exam- 
ination or interpretation of the retinal pic- 
ture. Both these ophthalmologists are in- 
tensely interested in the retinal picture of 
hypertension and follow the classification 
advocated by Wagener of the Mayo Clinic. 
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Here, in brief, the term attenuation refers 
to a generalized uniform narrowing of the 
arterioles. Angiospasm refers to areas of 
marked prolonged narrowing in the course of 
an attenuated arteriole. Sclerosis is graded 
from 1 to 4, depending upon the degree of 
irregularity of the lumen and the smallness 
of the caliber of the arteriole. Severe angio- 
spasm may produce retinitis characterized 
b}'- edema of the disk and hemorrhages and 
exudates. The malignant phase of h 3 ’'perten- 
sion is characterized by edema of the disk, 
hemorrhages, exudates and sclerosis of the 
arterioles. 


50 3 ’'ears. The average age is not apparently 
lowered by including 1 patient with glomeru- 
lonephritis. There were 6 males among the 
group with cerebral hemorrhage and 5 males 
among the group with heart failure and no 
cerebral hemorrhage. Those with cerebral 
hemorrhage had a s 3 ’'stolic pressure var 3 'ing 
from 150 mm. of mercury to 240 mm. of 
mercuiy and a diastolic pressure front 90 to 
150 mm. of mercur 3 Mvith an average press- 
ure of 190/113. Those with heart failure 
had a S3’'stolic pressure var 3 'ing from 150 to 
260 mm. of mercur 3 ’' and a diastolic pressure 
var 3 '’ing from 90 to 160 mm. of mercur 3 ' with 


Table 1.— Data of 5 Hypebtensive Patients With Cerebral Hemorrhage and With 

Retinal Hemorrhages 

Eye-grounds 


Name 

Age 

Sex 

Blood pressure 

Blood urea 

Grade of 
sclerosis 

Ilcmorrh.apos 

B 

63 

F 

240/118 

22 9 

11 

Yes 

S 

60 

M 

220/110 

20 0 

Spasm 

Yes 

D 

49 

F 

210/130 


ii 

Yes 

B 

42 

F 

180/130 

18 0 

(malignant 

hypertension) 

ii 

Yes 

T 

64 

M 

190/110 

. . 

ii 

Yes 


All patients had had hypertension for 
months or years. The diastohe blood pres- 
sure was constantly 100 mm. of mercuiy or 
more in all patients except 3 who had ter- 
minal drops in pressures: 1 to 90 mm., 1 to 
98 mm. and the other who during terminal 
shock had a pressure of 138/88. The lowest 
pressures of these 3 individuals are recorded. 
The mean blood pressures of the other pa- 
tients are recorded. There were 18 patients 
who died of cardiac failure. The diagnosis 
of cardiac failure was based on the classical 
findings of an enlarged heart, puhnonaiy 
congestion, d 3 ’^spnea, edema of the lower 
extremities, enlarged liver and preiaous jiar- 
tial response to digitalis and diuretics. There 
were 17 h 3 "pertensive patients who had sus- 
tained a massive cerebral hemorrhage. 
This diagnosis was confirmed in all cases ly 
members of the Department of Neurolog 3 '. 
The diagnosis was confirmed furthermore in 
4 cases b 3 ' autops 3 ’, in 6 cases b 3 ' frank blood 3 ' 
spinal fluid and in the other 7 ly rapid pro- 
gressive neurologic changes indicating a 
space-taking lesion. 

Those with cerebral hemorrhage varied in 
age between 42 3 'ears and 76 3 'ear.« with an 
average of 66 3 'ears. Those with heart failure 
without cerebral hcmorrha‘'^p varied in age 
from 17 3 -ears to 78 I'car.s with an average of 


an average pressure of 199/126. In only 

1 patient with cerebral hemorrhage was the 
blood urea nitrogen recorded as above nor- 
mal (87 mg, per 100 cc. of blood), whereas 
in the cardiac group 11 patients had blood 
urea nitrogen var 3 'ing from 40 to 195 mg. 
per 100 cc. of blood. There is no significant 
difference in the sex incidence in the 2 groups. 
There is a slight increase in the mean dias- 
tolic blood pressure of the cardiac failure 
group. The cardiac failure group has a de- 
cided increase in percentage of patients with 
renal functional impairment. The cerebral 
accident group is significanth' older (an aver- 
age of 16 years). 

Eye-ground Findings. Of the 17 pa- 
tients who suffered a cerebral hemorrhage. 
5 (29.4%) had retinal hemorrhages. Of 
these 5 patients, 1 had the malignant 
phase of lypertension v-ith a grade ii 
sclerosis, 3 had grade ii arteriosclerosis 
and the fifth had regions of spasm (see 
Table 1). Twelve (70.0%) had no retinal 
hemorrhages. Of the 12 case.=; of cerebral 
hemorrhage without retinal hemorrliage, 

2 had attenuation (generalized narrowing 
of the arterial tree), ,3 gra'^le i sclerosis, 
4 grade ii sclerosis and 1 showed no evi- 
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dence of hj^pertension (see Table 2). Discussion. The number of cases stud- 
Of the 18 hypertensive patients who ied is ob\dously too small to draw unques- 
died of heart failure and had no cerebral tionable conclusions. Although our results 
accident, 14 (77.7 %) had retinal hemor- show a difference in the 2 groups of more 
rhages. Of these 14 patients, 4 had than 3 times the standard error, yet the 
grade iii sclerosis with spasm, 7 had number of cases is too small for valid 
grade ii sclerosis with spasm and the statistical analysis. We could have in- 
other '3 had large regions of spasm (see creased the number of cases several fold 
Table 3). The 4 without retinal hemor- had we included the patients whose eye- 
rhages had grade ii sclerosis. There was grounds had not been examined by 

Table 2. — Data of 12 HyPERTENsn’E Patients With Cerebral Hemorrhage bet Without 

Retinal Hemorrhages 

Eye-grounds 


Name 

Age 

Sex 

Blood pressure 

Blood urea 

Grade of 
sclerosis 

Hemorrhages 

G 

55 

M 

172/120 

24 0 

ii 

None 

S 

63 

F 

210/150 

17.2 

Attenuation 

None 

c 

63 

F 

180/100 



None 

B 

54 

F 

168/110 

is’o 

ii 

None 

P 

70 

F 

180/120 

20,0 

ii 

None 

F 

65 

M 

168/98 

18 5 

i 

None 

G 

58 

F 

168/110 


i 

None 

H 

55 

M 

212/110 

16 0 

i 

None 

R 

56 

F 

170/110 


Attenuation 

None 

N 

76 

M 

150/90 

22’0 

i 

None 

0 

52 

F 

138/88 

19.0 

None 

None 

s 

38 

F 

(shock) 

220/115 

87.0 

87.0 

ii 

ii 

None 

None 


Table 3. — Data of 14 Hypertensive Patients With Cardiac Failure Without Cerebral 
Hemorrhage but With Retinal Hemorrhages 

Eye-grounds 
Grade of 


Name 

Age 

Sex 

Blood pressure 

Blood urea 

sclerosis 

Hemorrhages 

A 

54 

F 

210/130 


ii* 

Yes 

P 

63 

M 

240/144 

96,5 

iii* 

Yes 

P 

49 

F 

182/100 

195.0 

ii* 

Yes 

K 

48 

F 

240/100 

40.0 

ii* 

Yes 

L 

48 

F 

216/130 

44.0 

Spasm 

Yes 

M 

35 

F 

210/160 

138.0 

ii* 

Yes 

C 

17 

F 

162/112 

93.0 

Spasm 

Yes 

J 

59 

M 

228/140 

57.0 

ii* 

Yes 

K 

61 

F 

150/90 

105.0 

ii* 

Yes 

T 

41 

F 

210/130 

75.0 

Spasm 

Yes 

L 

45 

F 

260/150 


iii* 

Yes 

P 

74 

F 

210/148 

94.5 

ii* 

Yes 

R 

42 

M 

160/120 


iii* 

Yes 

J 

38 

M 

170/130 

124.0 

iii* 

Yes 


* With spasm. 

no significant difference in the range of ophthalmologists. Several of us in the 
blood pressure of those with retinal hemor- Department of Medicine have followed for 
rhages and those without retinal hemor- years the methods recommended by the 
rhages either in the cerebral hemorrhage Department of Ophthalmology and we 
group or the cardiac failure group (see feel confident in our ability to see and 
Table 4). interpret the retinal picture in hyperten- 

Our findings are summarized in Table 5. sion. Had these cases been included, the 
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results would have been similar, but then 
objections might have been raised con- 
cerning the interpretation of the eye- 
grounds which were not examined by 
ophthalmologists. 

The trend, however, even with this 
small group, appears to be definite. The 
finding of retinal hemorrhages in 29.4% 
of the cerebrovascular hemorrhage group 
and in 77.7 % of the group dying of cardiac 
failure without cerebral hemorrhage, even 


Lillie and Gibson in 42 consecutive hyper- 
tensive patients who were admitted to 
Temple University Hospital for study. 
This group had neither heart failure nor 
a cerebral accident. The data are sum- 
marized in Table 6. 

Of these 42 hypertensive patients with- 
out a cerebral accident or cardiac failure, 
10 had retinal hemorrhages. The presence 
or absence of retinal hemorrhages had no 
relationship to age, sex or blood pressure. 


Table 4.— Data or; 4 Hypertensive Patients With Cardiac Failure Without Cerebral 
Hemorrhage and Without Retinal Hemorrhages 

Eyc-fxroiind'? 


Name 

Age 

Sex 

Blood pressure 

Blood urea 

Grade of 
sclerosis 

Hemorrhages 

S 

55 

F 

170/130 

, . 

ii 

None 

G 

53 

. F 

212/110 

45 

ii 

None 

F 

54 

M 

220/142 


ii 

None 

G 

78 

F 

150/100 

38 

ii 

None 


Table 5.— Summary of Certain Clinical Data, Notably Retinal and Cerebral 
Hemorrhages, in 35 Patients With Hytertension 


Cerebral 

hemorrhage 

5 

12 

66 years 
190/113 
1 (0.59%) 


No cerebral 
hemorrhage 

14 

4 

50 years 
199/120 
11 (61.1%) 


Retinal hemorrhages 

No retinal hemorrhages 
Mean age 

Mean blood pressure 
Increase in blood urea nitrogen 

though the cerebrovascular group a\Tr- 
aged 16 years older than the heart failure 
group, indicates that retinal hemorrhages 
cannot be used as a sign prophetic of 
future massive cerebral hemorrhage. In- 
deed, the reverse appears true; namely, 
that a hypertensive patient with retinal 
hemorrhages has a greater chance of dying 
of cardiac or renal failure. It would ap- 
pear from this study that retinal hemor- 
rhages are more commonly seen in the 
hypertensive patients who have some evi- 
dence of uremia. The uremia may be of 
renal or extrarenal (cardiac failure) origin. 
It is seen in patients who have either at 
least a grade ii sclerosis with spasm or 
large regions of marked spasm. 

In order better to determine the nature 
of the type of hypertension which pro- 
duces retinal hemorrhages, we analyzed 
the eye-ground findings observed^by Drs. 


Of the 10 retinal hemorrhages, 3 had 
large regions of spasm and attenuation. 
Three had grade iii sclerosis with spasm. 
Two had grade ii sclerosis with spasm. 
Two had grade i sclerosis with marked 
spasm. Of those without hemorrhages, 4 
had attenuation, 19 grade i sclerosis (in- 
cluding 1-f- sclerosis), 7 grade ii sclerosis 
(including ii-f sclerosis), I had grade i 
sclerosis with spasm, and 1 had negative 
eye-grounds. This analysis tends to con- 
firm that of the previous groups. A 
marked degree of spasm usually with 
grade ii sclerosis is necessary for the pro- 
duction of retinal hemorrhages. The 
spasm is apparently of importance in pro- 
ducing an extra burden on the heart or 
kidneys and thereby producing failure of 
either or both these organs. Apparently, 
if this is not correctalile, the patient doe.s 
not live long enough to suffer a cerebral 
accident. 
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Summary and Conclusions. 1. Retinal 
hemorrhages occurred in 14 (77 %) of 18 
patients with hypertension who died of 
cardiac failure without cerebral hemor- 
rhage. 

2. Retinal hemorrhages occurred in 5 
(29%) of 17 patients ndth hypertension 
who suffered a cerebral hemorrhage. 

3. Retinal hemorrhages occurred in 


hypertensive patients who had large 
regions of spasm with or without a grade ii 
sclerosis. 

4. Retinal hemorrhages cannot be used 
as a prognostic sign of future cerebral 
hemorrhage, as they occur more frequently 
in those who ultimately die of cardiac or 
renal failure without a massive cerebral 
accident. 


Table G.— Clinical and Ocvlak Findings in 42 Hypertensive Patients Without Cerebral 

Accident or Cardiac Failure 

Eye-grounds 


Name 

Age 

Sex 

Blood pressure 

Grade of 
sclerosis 

Hemorrhages 

R 

45 

F 

180/130 

i 

None 

M 

28 

F 

160/112 

ii 

None 

B 

58 

M 

190/90 

i 

None 

M 

49 

F 

168/110 

i* 

None 

Z 

43 

F 

196/104 

ii 

None 

G 

49 

M 

214/140 

1+ 

None 

S 

50 

M 

237/120 


None 

K 

64 

F 

180/130 

j+ 

None 

E 

62 

F 

174/110 

i 

None 

T 

42 

F 

174/115 

i 

None 

W 

40 

F 

210/150 

i 

None 

0 

41 

F 

194/94 


None 

G 

31 

M 

170/114 

Attenuation* 

Yes 

M 

50 

M 

172/110 

ii 

None 

R 

47 

F 

182/120 

i 

None 

D 

42 

P 

170/92 

iii* 

Yes 

S 

43 

M 

170/108 

i+ 

None 

K 

45 

M 

200/154 

ii* 

Yes 

U 

50 

F 

240/130 

i 

None 

B 

48 

M 

240/120 

Attenuation 

None 

G 

39 

M 

228/160 

iii* 

Yes 

F 

64 

F 

224/96 

i 

None 

P 

53 

M 

222/122 


None 

D 

54 

F 

160/90 

ii 

None 

K 

26 

F 

136/88 

Attenuation 

None 

G 

28 

M 

140/100 

None 

None 

G 

30 

M 

234/138 

u+ 

None 

S 

35 

M 

150/100 

i 

None 

S 

SO 

F 

200/120 

i 

None 

H 

16 

F 

200/150 

Attenuation* 

Yes 

W 

57 

M 

204/132 

Attenuation* 

Yes 

s 

48 

M 

180/150 

i 

None 

s 

54 

M 

138/98 . 

i* 

Yes 

w 

43 

F 

150/90 

ii 

None 

A 

44 

M 

258/150 

Attenuation 

None 

H 

41 

F 

188/110 

ii 

None 

W 

31 

F 

180/120 

i* 

Yes 

A 

30 

F 

188/110 

i 

None 

S 

55 

F 

212/110 

i 

None 

F 

52 

M 

230/128 

ii* 

Yes 

T 

50 

M 

140/100 

Attenuation 

None 

H 

77 

F 

184/110 

iii* 

Yes 


* Spasm. 
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BRONCHOPTjLMONARY HYPOGENESIS 
Clinical and Roentgenologic Features in the Adult, with long Follow up Observations. 

By Louis Schneider, M.D. 

PHYSICIAN-IN-CH:ARGE, chest clinic, ■WASHINGTON HEIGHTS HEALTH CENTER; LECTURER IN 

Epidemiology, Columbia university 

MT. VERNON, NEW Y'ORK 


Until now, less than 60 cases of 
agenesis or aplasia of the lungs have been 
reported,^ the majority of these having 
been seen in infancy and early childhood. 
The congenital anomalies of the lower 
respiratory tract may vary from com- 
plete absence of both lungs, as described 
in Schmitt’s case,® to the presence of 
a partially developed bronchopulmonary 
system on one side and normal lung and 
bronchi on the other. The latter condi- 
tion, bronchopulmonary hypogenesis, has 
until now been encountered far less fre- 
quently in the literature than agenesis. 
However, with the continued e.vtension 
of chest Roentgen ray surveys through- 
out the country among apparently nor- 
mal adult groups, it is likely that cases 
of hypogenesis will be uncovered that 
would otherwise go unrecognized. The 
reason for this lack of recognition is be- 
cause the condition is more compatible 
with asymptomatic living than are those 
with complete absence of 1 lung. 

Faulty development of the lung on one 
side is an accident of nature which has 
taken place early in fetal life, well before 
the fetus is 3 months _ old.^ '^ Patients 
e.xhibiting this developmental error fre- 
quently display evidence of other anoma- 
lies in the tracheobronchial tree, as well 
as elsewhere in the body.®’® Unlike cases 
of atelectasis of the newborn, patients 
with bronchopulmonary hypogenesis show 
lack of respiratory difficulty at birth,*® 
indicating that the anomaly has had time 
in vtcro for compensation by hypertrophy 
of the remaining lung tissue. Likewise, 
external symmetry of the chest is main- 
tained in most cases, or only slightly 
altered,'*'*® because the potential space is 
filled by displaced mediastinal contents 


and a portion of hypertrophied contra- 
lateral lung at an early stage of devel- 
opment. 

A youngster with agenesis or hypo- 
genesis of the lung will often come to the 
early attention of the pediatrician or the 
radiologist, as in the first case described 
below, during an attack of bronchopneu- 
monia to which these patients fall an easy 
prey.® Later in life, individuals with this 
anomal}' may complain of frequent colds, 
dyspnea on slight exertion, expectoration 
of blood-streaked sputum or even frank 
blood, and attacks of stertorous or wheezy 
breathing; the latter, too, may be the only, 
albeit distressing, clinical feature early in 
life.® 

To diagnose this condition in the adult, 
its possibility must be thought of when a 
chest radiograph shows diffuse clouding 
on one side with retraction of the heart 
and mediastinum well over to that area. 
In recent years, with the increased use 
of the bronchoscope and especially the 
bronchogram, the correct underlying path- 
ology has been more frequently estab- 
lished during life, than was the case over 
a decade ago, when the presence of con- 
genital bronchopulmonary anomalies was 
mostly an autopsy finding. The chief 
difficulty has been to distinguish agenesis 
or hypogenesis of the lung from the end- 
results of primary tulierculosis or the so- 
called natural thoracoplasty that ensues 
in the fortunate healing of a difTu.se uni- 
lateral reinfection pulmonary tuberculosis. 
It may also be mistaken for the combina- 
tion of atelectasis and pulmonary fibro.-^i.s 
associated with obstructive benign tumor 
of the bronchus. Suspicion of the latter 
would naturally lead to operation.** 

The VTiter’s attention was recently 
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called to the case of a young woman who 
complained of dyspnea and blood-spitting 
of 10 years duration and had had the right 
lung removed because the bronchoscopist 
and clinician thought it to be the seat of 
bronchial adenoma, only to find it a mal- 
developed organ similar to the cases to 
be described. Months later, the symptoms 
for which she was in a sanatorium 10 years 
previously were still the same as before 
the pneumonectomy. 


heart and mediastinum to the right. After 
the instillation of lipiodol the trachea was 
described as displaced to the right, with 
the bifurcation to the right of the thoracic 
spine; one collection of opaque oil was said 
to be at the beginning of the right upper 
lobe brnchus, and the other near the junc- 
tion of the middle and lower lobe bronchi, 
and no evidence was found of bronchiectatic 
dilatations. 

While he was at Temple University Hos- 
pital, it was determined that congenital 



Fig. 1.— Case 1. Film taken in early infancy (Feb. 24, 1931) showing marked retraction of heart 
and mediastinum to the right; diffuse haze right lung field except costosplenic region; compensatory 
emphysema left lung. 


Case Reports. Case 1. J. C. is a Negro, 
now 18 years of age. His family historj' is 
negative except for contact with a sister 
who had an open case of pulmonary tuber- 
culosis. The boy first came to us because 
of the exposure history. His birth history 
was uneventful, and he was well until 
2 months of age, when hospitalization was 
necessarj' because of a severe attack of pneu- 
monia. After a stay in a hospital in Wash- 
ington, D. C., where a diagnosis of “massive 
atelectasis of the right lung of undetermined 
etiology” was made, he was transferred to 
Temple University Hospital to which we 
are indebted for reproductions of the chest 
films and bronchograms done in this case 
IS j'ears ago. The Wassermann test at that 
time was negative, and a culture of the 
bronchial secretions was negative for tuber- 
cle bacillus, pneumococcus or spirilla. 

A Roentgen ray, taken on Feb. 24, 1931 
(Fig. 1), was reported as showing some 
abnormal density tluroughout the right side 
of the chest, with marked displacement of 


dextrocardia was not present. The conclu- 
sion before discharge at that time was that 
aU the chest findings could be explained on 
the basis of atelectasis of the right lung. 

This boj’^ has been followed by us at semi- 
annual interv^als for the past 4 years. He 
has been growing normally and is apparently 
healthy and vigorous. His frequent efforts 
to enlist in the Armed Forces were halted 
only bj"^ the routine chest film which always 
thwarted this ambition. In the intervening 
17 years, he has not been seriously ill. 
However, he has been subject to frequent 
colds. He is somewhat dyspneic on moder- 
ate exertion, expectorates a small amount 
of non-odorous sputum daily, and after 
many jmars of frequent spitting up of blood, 
raising at times 2 ounces of bloody sputum, 
he is no longer alarmed. Repeated sputum 
examinations have been negative for tubercle 
bacilli. The tuberculin test has been nega- 
tive to 1 mg. 

Examination of the chest has revealed 
only slight asymmetry of the right chest 
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whose respiratory excursions are diminished, bronchogram on this patient on j\Iay 27, 

There is dullness, diminished breathing and 1947 (Fig. 3), reveals little difference in the 

no rdles over the right thorax. bronchopulmonaiy abnormalities of the right 

The chest film taken on April 24, 1947 side from the bronchogram of infancy, e.x- 

(Fig. 2), shows the thoracic contents to be cept that the hypogenetic bronchial tree is 

the same as in 1931, except that there is more easity traced. One sees that the 
more aeration on the right side. In passing trachea slants well over to the right chest, 
it may be noted that an azygos fissure is At the bifurcation, a bizarre bronchus comes 
seen in the left lung field, and this stands off at right angles to the windpipe, and from 
out more clearly in the adult film. A this bronchus numerous weird branches 



Fio. 2.— C.-ise 1. Film taken IG yeais later (April 24, 1947) feliowiiiK more aeration nulit hinu. njilit 
mediastinal boidci is now easily distinct. Note the left azyRos tissue. 



Flo. 3. — Case 1. BrouchoRram done, May 24. 1947, shoivitiR hirarrc ^iriRlc riRlit lironchii-i «ith 
its weird hranchc' and 2 additional undeveloped bronchi of the first order ciidinR in blind •■.•ic' a .•-hort 
di'itance from their origin. 
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scatter throughout the apparently single- 
lobed right lung. Two other branches end 
in blind sacs a short distance from their 
origin. The left main bronchus can be seen 
crossing over from the right side. 

It appears that here we are dealing with 
a hypogenesis of the right lung in which 
the radiologic and bronchographic features 
have shown little change in 17 years of 
observation. 


dary anemia. During her stay at the hospi- 
tal, nothing remarkable was found in the 
gastro-intestinal tract. 

She was first seen in the Health Depart- 
ment Clinic on Nov. 21, 1938, for routine 
examination because of exposure to her 
brother, who died of pulmonary tuberculosis. 
When interviewed in our Clinic, careful 
questioning elicited the fact that this girl 
had been coughing and expectorating gritty 



Fig. 4.— Case 2. Marked retraction of heart to right, baring the thoracic spine. Aerated lung 

is visible in right upper chest. 


Case 2. H. S. is a Negress, born on 
Oct. 6, 1919. At the age of 8, because of 
a 5 years historj'^ of epigastric distress, she 
was observed in the wards of Roosevelt 
Hospital for a period of 2 months. At that 
time, a routine examination of the chest 
revealed dullness on the entire right side, 
diminished breath sounds and fremitus with 
bronchial breathing and occasional rales and 
squeaks in the right chest. A chest film 
done on Dec. 1, 1927, showed diffuse cloud- 
ing on the right side, with retraction of the 
heart and mediastinum well over to the 
right side. On fluoroscopy, the right dia- 
phragm moved paradoxically and the medi- 
astinal shadow shifted slightlj' to the left 
on inspiration. She was last seen at Roose- 
velt Hospital on Aug. 1, 1937, when a chest 
roentgenogram revealed nothing new. She 
was also found to have a well-marked secon- 


material since childhood. She has occasion- 
ally noticed a wheezy feeling and her sputum 
has been blood-streaked at times. Upon 
examination she appeared well developed 
and well nourished. There were essentially 
the same physical findings in the chest as 
reported at the hospital. Roentgen ray of 
the chest taken on Jan. 7, 1939 (Fig. 4), 
shows diffuse clouding of the lower two- 
thirds of the right thorax, with the heart 
well over to that side, and the trachea 
drawn over to the right. 

A bronchogram done on the same day 
(Figs. 5 and 6) shows a marked narrowing 
at the lower end of the right main bronchus. 
An apparently normal branch comes off the 
main bronchus and is seen to arborize ante- 
riorly and medially in the direction of the 
lower lung field. 
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Also coming off the right main bronchus lobe is present or whether the aerated area 
are 2 branches ending in large blind sacs in the right upper lobe region is reallj' 
some distance from their origin. As in the herniated left lung. 

previous case, the left main bronchus crosses The patient was followed by our Clinic 
over in apparently normal fashion into the until Jan. 6, 1945, when she stopped coming, 
left lung field. Since no bronchus is trace- However, a letter received from her a month 
able to the right upper lobe, one cannot be ago indicated that she was enjoying good 
sure from this film whether the right upper health in Southern California. 



Fig. S. — Case 2, Bronchogram (Jan. 7, 1939) shows well the narrowing of the trachea near the 
bifurcation. Note the normal looking bronchi going toward the right lower lung field and, more modi* 
ally, the 2 other blind sacculated branches. 



Fig. 6. — Case 2. Lateral view of bronchogram more clearly defining the undevelopcfj hronclii 

and their position. 
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Summary and Conclusions, 1. Two 
canes of bronchopulmonary hypogenesis 
followed for more than 15 years are pre- 
sented. 

2. It is expected that many more of 
these cases will be uncovered in routine 
chest surveys. 

3. The importance of bronchographie 
study in making the diagnosis is empha- 
sized. 


4. Unlike those previously reported, 
these cases are not symptom-free, al- 
though their symptoms are not dis- 
abling. 

5. Due to the wide practice of chest 
surgery, such patients have had unneces- 
sary and ineffectual operations on the 
affected side when the presence of bron- 
chopulmonary hypogenesis was not borne 
in mind. 
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The diagnosis of coronary insufficiency 
in patients presenting a questionable or 
vague history of anginal syndrome but no 
objective evidence of heart disease is often 
a difficult one. Physical examination, 
electrocardiograms and Roentgen ray and 
fluoroscopic studj'- of the heart may all be 
within normal limits. In this group of 
patients it is often desirable to obtain 
objective evidence of diminished coronary 
reserve. The anoxemia test'® standardized 
by Levy and his associates, and the “two- 
step” exercise test introduced and studied 
by Master et have served as diag- 

nostic aids in this problem. The present 
report is concerned with an evaluation of 
the exercise test in the diagnosis of coro- 
nary insufficiency. 

The electrocardiographic changes asso- 
ciated wth spontaneous episodes of angina 
pectoris have been described by a number 
of observers.^'®'®'"’'"''®'’'®'®®'®''^®'®^’^® These 
consist generally of a depression of the 
S-2' segment of one or more leads and 
flattening or inversion of T waves. Similar 
changes have been noted during induced 
attacks of angina follovdng exercise.®®-®®’®'-®’ 
Induced anoxemia and temporary inter- 
ference vdth the coronary circulation have 
been shown experimentally to produce 
somewhat similar results and this electro- 
cardiographic pattern has been accepted 
as e\udence of myocardial anoxia. 

The “two-step” test of exercise toler- 
ance, introduced by IMaster and E. T. 
Oppenheimer in 1929,®® employs a stand- 
ardized amount of exercise and is based 
upon the pulse and blood pressure response 
of normal subjects, hlore recently, ^Master 


has combined this with electrocardio- 
graphic studies as a test of cardiac func- 
tion and coronary insufficiency'®-'® and has 
stressed the importance of standardizerl 
exercise. The criteria adopted for a posi- 
tive test include a depression of the RS-T 
segment of more than 0.5 mm. in any 
lead or the conversion of an upright 
T wave to an isoelectric or inverted T, or 
the reverse. In one study,'® S3 patients 
with anginal syndrome were tested and 
positive results were noted in 30 to 4()%, 
depending upon whether the “standard” 
or “double standard” test was employed. 
Favorable results have also been rej)orted 
by Twiss and Sokolow,®® Levan,'® and Feil 
and Pritchard,® who used a modification 
of the Master “Two-Step” test. 

On tlie other hand, Riseman, Waller 
and Brown,®' studying a small group of 
subjects, concluded that the efl'ects of 
exercise on the electrocardiogram of 
patients with anginal s^mdrome and of 
normal controls were “not sufficiently dif- 
ferent to be of diagnostic value.” A 
similar conclusion was reached by Sigler,®' 
who, however, did not mention the form 
or amount of e.xercise employed. Master 
has maintained that the criteria of Rise- 
man and his associates were not correct 
and that the only RS-T change of any 
significance is a depression below the 
isoelectric level. 

Variations in the rate and total amount 
of exercise as well as in the electrocardio- 
graphic criteria adopted for a positive 
result may account, in part, for the diver- 
gence of opinion concenn’ng the value of 
the test. Further study of the electro- 
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cardiographic response to exercise as a 
test for coronary insufficiency seemed indi- 
cated. 

Selection of Material. A total of 163 
subjects was studied. They fall into the 
following groups; (1) 37 normal individuals 
who served as controls; (2) 91 patients with 
heart disease; (3) 13 additional subjects 
originally in the control group but subse- 
quently eliminated because they failed to 
fulfill all the criteria for this group; and (4) 
22 patients convalescing from recent acute 
illness. 


could be excluded. There were 22 males and 
15 females, with an age distribution of 20 to 
62 years. 

In all patients with heart disease, diag- 
nostic classification (Table 2) was established 
in accordance with the criteria of the New 
York Heart Association There were 66 
males and 25 females, with an age distribu- 
tion of 29 to 75 years (Table 1). 

Of the 13 subjects eliminated from the 
normal control group, 9 presented some 
abnormality of the control electrocardio- 
gram. Other findings included hypertension, 
evidence of cardiac enlargement and, in 1 


Table 1. — Age and Sex Distribution op Normal Controls and Patients With Heart Disease 

Normal controls Patients with heart disease 


Age 

Afale 

Female 

Male 

Female 

20-30 . . . 

. 12 

0 

0 

2 

31-40 . . . 

. 3 

7 

5 

1 

41-50 . . . 

3 

6 

12 

1 

51-60 . . . 

2 

2 

28 

14 

61-70 . . . 

2 

0 

14 

5 

71-80 . . . 

0 

0 

7 

2 

Total . 

. 22 

15 

66 

25 


Table 2. — Classification of Cardiac Patients According to Etiologic Diagnosis 


No. of 

Etiologic diagnosis patients 

1. Arteriosclerotic; 

(а) Coronary sclerosis 24 

(б) Coronary sclerosis and previous myocardial infarction 15 


Patients with 
positive test 

9 

4 


Total 39 

2. Arteriosclerotic and hypertensive .... .19 

3. Arteriosclerotic and syphilitic . . . 1 

4. Hjpertensive . . 12 

5. Hypertensive and syphilitic 3 

6. Rheumatic 3 

7. Unknown (rheumatic type) . . 2 

8. Possible heart disease 8 

9. Possible and potential 2 

10. Syphilitic 1 

11. Pericarditis (complicating pneumonia) 1 


13 

11 

0 

3 

2 

1 

0 

0 

0 

0 

1 


Total 


91 31 


The members of the normal control group 
were selected on the basis of a negative 
history with respect to heart disease, normal 
physical signs and blood pressure, a normal 
electrocardiogram at rest and normal cardiac 
size and pulsations as determined by roent- 
genologic and fluoroscopic study. In 3 sub- 
jests an inverted P wave in I^ad III was 
noted as an isolated finding and these were 
not eliminated. This group included medical 
students as well as hospital and clinic 
patients. The latter were selected only when 
such complicating factors as sj-stemic dis- 
ease, severe anemia and recent infection 


instance, a history suggestive of heart 
disease. 

The group tested during convalescence 
from acute illness included 13 males and 9 
females with an age distribution of 18 to 58. 
The conditions from which these patients 
were convalescing were as follows: Bacterial 
pneumonia (10), primary atjqrical pneumonia 
(7), bacterial pneumonia with delayed reso- 
lution (1), ‘fia grippe” (2), acute pharyngitis 
(1), and acute gastro-enteritis (1). 

Method of Study. The “two-step” 
exercise test was performed according to the 
method of Master and his associates.*®*'®"^° 
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All electrocardiograms were recorded in the 
sitting position with an angle of 90 degrees 
between the backrest and seat of the chair. 
The subject rested for a minimum of 15 
minutes. An attempt was made to perform 
each test at least 1 hour after the last meal 
and 1 hour after smoking. In a few instances, 
the latter condition was not fulfilled. The 
temperature of the room was not controlled. 
A two-step staircase was used with an eleva- 
tion of 9 inches per step or a total elevation 
of 1^ feet. A control electrocardiogram was 
taken with Leads I, II, III, and CF< recorded 
in that order. Blood pressure and pulse 
readings were taken repeatedly until stabil- 
ized within 2 points. With the electrodes in 
place, the subject then performed the 
required number of trips* across the stair- 
case in exactly 1| minutes (“standard” test). 
The “double standard” test, when per- 
formed, consisted of twice the standard 
number of trips completed in 3 instead of 
minutes. Upon completion of exercise, 
the subject sat down promptty and the 4 
lead electrocardiogram was recorded. The 
average time required for this tracing was 
75 seconds. Single blood pressure and pulse 
readings were taken 2 minutes after the 
completion of exercise and additional electro- 
cardiograms were recorded at 4 and 10 
minute intervals. All candidates were care- 
fully questioned concerning symptoms exper- 
ienced during or following exercise. 

The Cambridge string electrocardiograph 
was employed throughout the study, both 
the stationary (Williams-Hindle) and mobile 
models being eraplo 3 ’’ed. All electrocardio- 
grams were interpreted in accordance Avith 
the criteria of the New York Heart Associa- 
tion.-^ Leads I, II, and III were standard- 
ized so that 1 millivolt produced a deflection 
of 1 cm. and the precordial lead was stand- 
ardized at one-half this sensitiAoty. Slight 
differences of standardization AA'ere taken 
into account in the comparison of the ampli- 
tude of deflections before and after exercise. 
Changes in the IcA’el of the RS-T junction 
AA’ere judged in relation to the IcA'el of the 
P-R interA^al. Estimates of the RS-T level 
AA’crc made only AA’hen the T-P interA’al of 2 
and preferablA' 3 successiA'e complexes fol- 
loAA'cd the same horizontal line. This was 
found neccssarA’ since CA-en slight AA’andering 
of the tracing produced an apparent chance 
in the IcA-el of the RS-T junction. 

Tlie electrocardiographic criteria which 

* Soo tables of Master.** 


were adopted for a positiA’-e test are described 
below. 

Results. 1. NoRJiiAL Control Group. 
Thirty-one subjects performed the "stand- 
ard” and 6 performed the “double stand- 
ard” test. In 6 members of this group 
there AA'ere no appreciable electrocardio- 
graphic changes folloAA’ing e.vercise. The 
changes noted in the remaining subjects 
are listed in Table 3 and are considered a 
normal response to e.vercise. Slight A'aria- 
tions in the amplitude of tlie R and T 
AvaA'es Avere obserA'ed most frequent!}*. 
These consisted of either an increase or 
decrease in amplitude, the latter being 
noted more often. The decrease in ampli- 
tude of the R AvaA'es ranged from 2 to 4 
mm. and the T wave amplitude was ncA-er 
diminished by more than 1 to 2 mm. 
Marked changes in amplitude as well as 
direction oi Tz were noted in 4 instances. 

In 1 subject, a 22 A’ear old male aaIio 
performed the “double standard” test, a 
depression of the RS-Tz junction of 1 mm. 
beloAv the P-R leA’el Avas noted. This 
appeared only immediate!}* after e.xercisc 
during tachycardia and disappeared in the 
4 and 10 minute tracings. This depression 
exceeds the maximum of 0.5 ram. alloAA*ed 
for normals under these test conditions.*"'^ 
Alterations in the leA*cl of the RS-T junc- 
tion of Leads III and CF 4 AA*ere not 
obserA'ed. It should be noted that tachy- 
cardia had largely subsided in most in- 
stances during the recording of these leads. 

The ingestion of food has been sIioaati to 
produce a 30 to .50 % decrease in the ampli- 
tude of 2' waves in some normal indi- 
Auduals.*® The possible effect of food on 
the electrocardiographic response to exer- 
cise was inA*estigated. FiA*c normal young 
men of the control group AA*ere subjected 
to the “double standard” tc.st in the fasting 
state. Approximately 1 AA*eek later the 
tests AA’crc repeated 1 to 1-J hours folioAA'ing 
a meal. The electrocardiographic rcspon.‘*e 
to exercise AA*as similar to that noted during 
the fasting state. In 2 of the 5 subjects a 
slight decrease in the amplitude of Ti and 
T: AA*as noted in the electrocardiogram at 
Test following the ingestion of food as 
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Table 3. — Electrocardiographic Changes Following Exercise in Norhal Controls 

. No. of 
instances 


Electrocardiosraphic changes noted 

Pt from upright to diphasic 1 

Pi from inverted to upright 2 

Pi from inverted to isoelectric 1 

Q wave changes . . . 0 

Ri amplitude diminished 10 

Ri amplitude diminished 1 

Ri amplitude increased 1 

Ri amplitude diminished 1 

RS-Ti depressed 1 mm 1 

RS-Ti depressed 0 5 mm ... 4 

RS-Ti from elevation of 0 . 5 mm. to isoelectric . 1 

Ti amplitude diminished .... 15 

amplitude increased ... 3 

T: amplitude diminished ... ... .4 

amplitude increased ... 1 

Ti amplitude increased ... . . 4 

from upright to inverted ... ... 1 

from inverted to upright .1 

from diphasic to upright .1 

from inverted to diphasic .... . . 1 

Ti amplitude increased .... 1 


Table 4. — Distribution of Significant Electrocardiographic Changes in Cardiac Patients 

With a Positive Test 


Lead 

R wave 

RS-T depression 
T wave changes 

Total .... 

* From normal to double intrinsicoid deflection. 

compared ivith the corresponding tracing 
taken during the fasting state. The 
ingestion of food by normal inditdduals 
would thus appear to have little influence 
upon the electrocardiographic response to 
tliis degree of exercise, provided the test 
is performed 1 hour or more follovnng the 
meal. On the other hand. Master has 
observed electrocardiographic changes if 
the test is performed less than 1 hour after 
the ingestion of food.'’ 

On the basis of the findings in the control 
group, the following electrocardiographic 
criteria were adopted for a positive test: 
(1) A depression of the RS-T junction of 
more than 1 mm. in Leads I, II, III or 
more than 0.75 in CF4. A depression of, 
but not exceeding 1 mm. in the standard 
leads was regarded as significant only if 
it persisted beyond the brief period of 
tachycardia immediately following exer- 



Instances noted 


' 1 

n 

CF. 

1* 

7 

7 

2 

6 

10 

7 

— 

— 

— 

13 

17 

10 


cise. (2) The conversion of an upright 
T w'ave to an isoelectric or inverted T in 
Leads I, II or CF^. The reverse process as 
well as the conversion of an initially 
diphasic to an upright T was also con- 
sidered significant in these leads. (3) Dis- 
turbances in rhythm such as the appear- 
ance of premature systoles or runs of 
coupling were also regarded as an ab- 
normal response to the test. 

2. Patients With Heart Disease. 
The electrocardiographic changes follow- 
ing exercise were considered significant in 
31 of 91 patients with heart disease 
(34.1 %). The distribution of these electro- 
cardiographic alterations according to 
leads appears in Table 4. If we consider 
only those patients in whom a definite 
diagnosis of coronary artery disease had 
been established (first 3 groups of Table 2), 
the test was positive in 24 of a total of 
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59 patients (40.7 %). Since many of the 
reports in the literature are concerned only 
with patients with a history of anginal 
syndrome, it is important to subdivide 
subjects according to symptoms for pur- 
poses of comparison. In the present group, 
there were 31 patients with a history of 
typical anginal syndrome, 21 with ques- 
tionable symptoms, and 39 patients who 
had never experienced pain. The results 


the control electrocardiogram. Although 
the proportion of positive tests was greater 
in the group of patients with initial electro- 
cardiographic abnormalities (55 as com- 
pared %\dth 36%), this difference is not 
significant. In Table 5c, all patients with 
heart disease, irrespective of symptoms, 
are subdivided according to the control 
electrocardiogram and no significant diff- 
erence in results is noted. In brief, al- 


Table 5 

(o) Classificjlion of Cardiac Palients According to Symptoms of Anginal Syndrome 



No. of 

Patients with 

% 


patients 

positive test 

positive 

Typical anginal syndrome . 

. . 31 

15 

48 3 

Questionable or atypical symptoms 

. . 21 

5 

23 S 

No angina 

. . 39 

11 

28 2 

Total 

. . 91 

31 

34 1 


(b) Further Subdivision of Palients With Typical Anginal Syndrome According to Control Elcctrocardiograyn 



No. of 

Patients with 

% 

patients 

positive test 

positive 

Control electrocardiogram normal 

11 

4 

3G 4 

Abnormalities oi ST and/or T wave in control 




electrocardiogram . 

20 

11 

55 0 

Total . .... 

31 

15 

48 3 


(c) Classification of All Cardiac Patients According to Control Electrocardiogram 



No. of 

Patients with 

% 


patients 

positive test 

positive 

Control electrocardiogram normal 

24 

G 

25 0 

Abnormalities of ST and/or T wave in 
electrocardiogram 

control 
. . G7 

25 

37 3 

Total ... 

91 

31 

34 1 


of the test in these subgroups are indicated 
in Table 5a. The proportion of positive 
tests was slightly greater in the group with 
anginal syndrome (48.3%) than in those 
with questionable symptoms or complete 
absence of pain (23.8% and 28.2% re- 
spectively). Recognizing the fact that the 
number of patients involved is relatively 
small, analysis indicates that this differ- 
ence is probably not significant.''' In 
Table 55, the patients with angina pectoris 
are subdiN-ided according to the nature of 


though the number of patients is relatively 
small, it would appear that there is no 
significant correlation under present test 
conditions between the gross electrocardio- 
graphic response to exercise and a history 
of anginal s\'ndrome or the presence or 
absence ol ST and T wave abnormalities 
in the control electrocardiogram. 

A higlier incidence of positive results 
among the subjects with anginal syndrome 
might have occurred had more patients 
experienced pain under test conditions. 


* The standard error of didcronce w.i.s determined by the forniuln / P X q 

V 


I) X q r- 

i . t omp.Trmc 

nj n; 

the elcctrocardioKi.apliic results ill patient.', with and without anpina pectoris (Table oa). wo ha\e .a 

, /Tsirx 51 7 /2S“ 2 "x^tITS 

.''tandard error of 


11.5. The actu.a! difference i- 20 


which is less than twice its standard error (2 X 11 5 or 2-3). The same method n as ti'-ed in t'le c>in!- 
parison of differences between the other proup'- noted in Tables. (Hill, A. B.: IVinciplc' of Medical 
Statistics, 1937, Lancet Ltd., London.) 
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Only 10 of the 31 patients with a history 
of anginal sjTidrome experienced pain dur- 
ing the test. One reason for this is the 
fact that the total amount of work per- 
formed in each instance was predetermined 
and not necessarily continued until angina 
appeared. No attempt was made to lower 
the temperature of the room, a factor 
which may facilitate the appearance of 
pain.^’' Seven of the 10 patients who 
experienced angina showed significant 
electrocardiographic changes. There was 
no strict correlation between the persis- 
tence of pain and the electrocardiographic 
response, since 2 of the 3 patients with a 
negative test experienced angina through- 
out the recording of the electrocardiogram 
following exercise. 

No serious reactions to exercise were 
observed in any of the patients tested. 
Mild dyspnea, fatigue, or pain were the 
only symptoms noted and these subsided 
within a few minutes of the completion of 
exercise. 

The single precordial lead, CF 4 , was of 
assistance in the detection of electrocardio- 
graphic changes in 10 patients. In 5 
patients, or approximately one-sixth of 
those with a positive test, these changes 
were confined to the precordial lead. That 
the latter may yield positive information 
follovdng exercise when the standard leads 
are negative has been noted by MissaF 
and Puddu.-® The value of the chest lead 
has been emphasized by Feil,'’' and Tvdss 
and Sokolow^ reported that its use in- 
creased the number of positive tests by 
approximately 20 %. 

An increase in the total work performed 
within the limits of this test did not appear 
to influence the electrocardiographic re- 
sults significantly. Fifty-five patients with 
heart disease performed the “standard” 
test, while 36 were subjected to the 
“double standard.” Of those performing 
the “standard” test, 23 patients (42%) 


were positive. Eight of the 36 patients 
performing the “double standard” ( 22 %) 
had a positive test. In addition, 20 pa- 
tients who presented no significant elec- 
trocardiographic changes folloAving the 
“standard” amount of exercise were later 
subjected to the “double standard” test. 
Only 3 of these developed a positive test 
with this increase in the total work 
performed. 

A failure of the pulse or blood pressure 
to return to within 10 points of the resting 
level within 2 minutes after exercise is 
regarded as an abnormal response^®. Fifty- 
four of the 91 patients with heart disease 
showed a lag in the return of pulse, blood 
pressure or both. A lag in the return of 
blood pressure, usually systolic, to resting 
levels was noted most frequently, occurring 
in 37 patients. There was no significant 
correlation between a positive electro- 
cardiographic test and diminished exercise 
tolerance (lag of pulse or blood pressure). f 
It should also be noted that, among the 
37 normal controls, there were 7 with a 
delay in the return of pulse, blood pressure, 
or both. 

3. Subjects Eliminated From the 
Control Group. Of the 13 individuals 
falling into this category, 4 showed electro- 
cardiographic changes follovdng exercise 
not noted in the normal control group. 
The changes which are considered of pos- 
sible significance include the appearance 
of auricular or ventricular premature 
systoles and, in 1 instance, the conversion 
of an initially diphasic to a low upright 
T wave in cK. The possibility of heart 
disease existed in all 4 patients, although 
a definite diagnosis was not made. None 
of these patients presented symptoms of 
heart disease and all had been hospitalized 
for complaints unrelated to the cardio- 
vascular system. 

4. Patients Convalescing Fkoxi 
Acute Illness. The exercise test was 


t Of 31 patients with a positive electrocardioEraphic test, 21 had diminished exercise tolerance 
(fi7.7%). Of 00 patient.s with a neRative clectrocardioRraphic response, 33 had diminished exerci.so 

tolerance (55%). The standard error of this difTcrcnco = /' X 45 = 10 C 

V 31 V CO 

The actual diiTcrence (12.7%) is much less than twice its standard error (2 X 10. G = 21 2). 
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performed after the patients had been 
ambulatory for 1 to 7 days and had been 
afebrile for 2 to 21 days. In general, the 
electrocardiographic changes noted were 
similar to those of the normal control 
group. Four patients convalescing from 
pneumonia showed a depression of the 
RS-T junction of 1 mm. folio-wing exercise. 
Inasmuch as a similar change had been 
noted in but a single member of the normal 
control group, further observations of these 
patients seemed indicated. In 1 patient 
antecedent heart disease could not' be 
excluded because of evidence of slight 
cardiac enlargement on teleoroentgeno- 
gram. The remaining 3 patients presented 
no ewdence of heart disease. All showed a 
depression of the RS-T^ junction of 1 mm. 
immediately after exercise. It was possible 
to follow 2 of these subjects over a period 
of several weeks while the third was not 
available for further study. In the 2 
patients who were followed, the RS-T 
depression following exercise diminished 
to a fraction of a millimeter after the 
second week out of bed and remained at 
that level. Since the standard amount of 
exercise had produced a more marked 
tachycardia during early convalescence, 
the possibility arose that tachycardia alone 
might be responsible for the change noted. 
For this reason, after the standard test 
showed only minimal changes, the same 
degree of tachycardia noted during early 
convalescence was induced by the working 
of a foot pedal against resistance. Under 
the latter conditions, the RS-T junction 
was not depressed by more than a fraction 
of a millimeter. It was concluded that 
some factor other than tachycardia had 
been responsible for the depression of 
RS-T following e.xercise during early con- 
valescence. At the time of the first test 
the chest film showed complete resolution 
of the pneumonic process in 1 patient and 
only a small area of consolidation in the 
other. It is of interest to note that MasteF® 
describes a "positive” test in a 20 year old 
male with an unsuspected virus pneumonia 
followed by a negative test after complete 
recovery from the infection. 


Discussion. The effect of e.xercise on 
the electrocardiogram is go^'emed by a 
number of variables which must be con- 
sidered in the interpretation of results. In 
a patient with diminished coronary reserve 
due to coronar^'^ artery disease it is possible 
to produce or intensify an alteration in the 
physicochemical state of the myocardium 
by increasing the work of the heart. A 
disproportion between the requirements of 
the myocardium and the coronary blood 
flow is created or intensified. Areas of 
ischemia or ischemia plus injury presum- 
ably develop for a variable period of time 
and modify the normal processes of acces- 
sion and regression in and about the areas 
involved. An area of injury would cause 
displacement of the ST segment^® and 
areas of ischemia would be associated vlth 
T changes.® However, the complex- 
ity of the conditions involved are such as 
to make prediction of results somewhat 
difficult. The size and distribution of the 
areas of ischemia and injury and, more 
specifically, their spatial relationship to 
the standard and precordial leads will 
influence the results. The degree or 
intensity of these processes as well as their 
location and extent must also be con- 
sidered. Both in theory as well as in fact, 
it is possible for an area of ischemia or 
injury to be so situated as to exert little or 
no effect upon the standard or precordial 
leads. Moreover, if the process is diffuse, 
it is conceivable that the abnormal elec- 
trical effects e.xerted in one direction as a 
result of an alteration in the physical state 
of the myocardium may be completely 
nullified in the recorded electrocardiogram 
by similar effects operating in a diametri- 
cally opposite direction. These considera- 
tions may account at least in part for the 
occurrence of a substantial number of neg- 
ative tests in patients with known coronary 
disease and diminished coronary reserve. 
They may also account to some e.xtcnt for 
the failure of a certain proportion of 
patients to manifest electrocardiographic 
changes during paroxysms of angina pec- 
toris. whether spontaneous or induced. 
Another possible explanation is the pro- 
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damaged myocardium was known. The 
patient, E. B., was a 36 year old colored 
male who had recovered from a virus pneu- 
monia complicated by pericarditis with 
effusion. There was no evidence of ante- 
cedent heart disease. During the course of 
his illness, serial electrocardiograms showed 
ST segment and T Avave changes compatible 
with pericarditis (Fig. 2). The e.xercise test 
was performed on the 43rd hospital day after 
all evidence of pneumonia and pericardial 
effusion had disappeared and the patient 
had been ambulatory for 1 Aveek. The control 
electrocardiogram shoAved upright T AA’aves 
in Leads I and II and an inversion of Tt. 
FolloAAung exercise there AA'as definite in Aver- 
sion of Ti and restitution AA^as not yet com- 
plete in the 10 minute tracing (Fig. 3). 


time of the test, the effects of exercise may 
be explained. With the more or less uni- 
form deAmlopment or intensification of 
ischemia OA^er this distribution of myo- 
cardium as a result of exercise, the mean 
direction of the normal process of repolar- 
ization Avould be altered or reversed. The 
subepicardial location of the ischemic zone 
in the form of a half shell, open at the 
base and closed at the apex of the heart, 
Avould tend to reA^erse the mean direction 
of the forces of repolarization. The resul- 
tant force, projected as a A'ector upon the 
frontal plane, AA'ould be e.xpected to alter 
the T AA'aAves of Leads I and 11. The actual 
results in this case fulfill the anticipated 
results in part. 



Flo. 2. — Serial electrocardioRrams taken during the course of a \-irus pneumonia coniplicateri hy 
pericarditis Avith eflusion in a 3G-year-old colored male. There Av.as eleA’ation of the ST fcccmcnts of 
Loads I and II folloAvcd by return to the isoelectric level Avith inA-ersion of Ti and T;. Sub'-cqucnt trac- 
ings shoAvcd return of Ti and Tn to the upright position. 


The primary T Avave changes Avhich 
occur in diffuse pericarditis Iuia'c been 
explained by the assumption that the 
damaged subepicardial zone of the myo- 
cardium behaves as though it Avere 
ischemie.- If some degree of subepicardial 
damage still existed in this patient at the 


The occurrence of a negative result in 
at least one-half of all patients Avith knotAui 
coronary insufficiency detracts somcAvhat 
from the practical value of the test. In 
scA'eral problem cases AA-hich AA'cre studied, 
the diagnosis depended entirely upon a 
questionable or atypical history of anginal 
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syndrome, all other findings being normal. 
In all of these, the exercise test was nega- 
tive and a diagnosis of coronary insuffi- 
ciency could neither be established nor 
excluded. In such cases the final diagnosis 
must depend upon further evaluation of 
symptoms and the subsequent clinical 
course. These factors remain the most 
important guides in the diagnosis of 
coronary insufficiency. 

In x-iew of the possible criticism that 
our electrocardiographic criteria were too 
severe, the results listed in Tables 2 and 
ob were recalculated, using an RS-T de- 


pression of more than 0.5 instead of 1 mm. 
as indicative of a positive test. The 
material studied was exactly the .same 
except that one additional patient with 
typical anginal sjmdrome had been added 
to the group. The results were now posi- 
tive in 41 of 92 patients with all types of 
heart disease (44.6%) and in 31 of 60 
patients with known coronary disease 
(51.7 %). In the group of 32 patients with 
t^T^ical anginal sjmdrome, the results were 
now positive in 20 (62.5%). This still 
leaves a relatively large proportion of the 
patients with known coronary insuffi- 
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ciency with a negative test. Moreover, the 
appearance of an electrocardiographic 
change of similar magnitude {RS-T depres- 
sion of more than 0.5 mm.) in one of the 
controls who was normal in every respect 
makes it difficult to accept such a change 
as distinctly abnormal. Biorck has also 
expressed the ^^ew that an RS-T de\dation 
of only 0.5 mm. as the upper limit of 
normal is too liberal in the interpretation 
of results.® 

Emphasis has been placed on the neces- 
sity for the rapid recording of all 4 leads 
immediately following exercise in order to 
detect significant changes which may 
rapidly disappear.*® For this reason, the 
Cambridge "Simpli-Trol” was employed 
in the study of 11 patients nith typical 
anginal syndrome. The electrocardiogram 
immediately after exercise was recorded 
in a maximum of 30 to 40 seconds. Ten 
patients had pre\nously yielded negative 
results with the slower technique requiring 
75 seconds to record the electrocardiogram 
and 1 patient had not been studied before. 
Only 2 of the 11 patients showed signifi- 
cant electrocardiographic changes nith the 
rapid recording technique. Recalculation 
of the results using an RS-T depression of 
more than 0.5 mm. for a positive test, 
gave a positive result in onlj’ 4 of the 11 
patients studied. 

In spite of these limitations, it should be 
noted that the test was occasionally of aid 
in providing objective e^^dence of coronary 
insufficiency. The following cases are 
briefly presented as examples of this type: 

Case 3. R. jM., a 39 j-ear old white male, 
complained of substernal pressing pain 
brought on by exertion and relieved by rest. 
Physical and roentgenologic exarhination as 
well as the control electrocardiogram were 
negative. The standard exercise test gave 
equivocal results but the “double standard” 
test was positive, showing significant depres- 
sion of the RS-T junction of Lead II (Fig. 4). 
The patient experienced substernal and left 
shoulder pain during the test. The "double 
standard” test was repeated 2 months later 
following a 2 week course of theobromine 
with .sodium salicylate (0,5 gm. q.i.d.) with 
similar results (Fig. 4). 


Case 4. S. S., a 57 year old white male, 
complained of pressing precordial pain 
appearing on exertion and relieved by rest 
and nitrogtycerine. Electrocardiograms at 
rest were normal except for 1 tracing 
recorded during a spontaneous paroxysm of 
pain, which showed ST segment depression 
in the standard leads and ST depression 
and T wave inversion in Lead Vj. The 
standard exercise test was performed and 
the patient completed onty 15 out of 18 
trips because of the onset of precordial pain. 
Following exercise there was a significant 
depression of the RS-T junction in Leads I 
and II and a conversion of T^ from upright 
to diphasic (Fig. 5). In this case, objective 
erddence of coronarj'^ insufficiency had been 
obtained in the tracing recorded during a 
spontaneous paroxj’^sm of pain so that the 
exercise test merely provided confirmation. 
This case is presented, however, because of 
the interesting similarity between the 
changes obser\’’ed during the spontaneous 
and induced episodes of pain.®® The altera- 
tions noted during the spontaneous attack 
were more striking. 

The effect of digitalis on the normal 
work electrocardiogram has been studied 
by Zwillingeri® and by Liebow and Feil.*® 
The latter found that, following digitaliza- 
tion, significant ST segment and T wave 
changes occurred in some normal indi- 
viduals after the performance of 100 trips 
across the two-step staircase. Since this 
represents approximately 2 to 5 times the 
total amount of work performed by our 
subjects, the effect of digitalis was studied 
again under present test conditions. A 
normal 43 year old male performed the 
“double standard” test (46 trips in 3 
minutes) with no significant electrocardio- 
graphic changes. He was then digitalized 
and the test was repeated. The control 
electrocardiogram now showed ST seg- 
ment depression and diphasic T waves in 
Leads II and III but no change in Lead I. 
Following exercise, however, Fi was con- 
verted from upright to diphasic and ST% 
wiis depressed. This indicates that digitalis 
may influence the electrocardiographic 
response to exercise under present test 
conditions. Nineteen of the patients with 
heart disease were on maintenance doses 
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Fig. 5 — S. S., a 57-year-old white male, completed only 15 out of IS trips because of the on.^'et r.f 
precordial pain. There was a significant depression of the segments of Leads I and II immcdiatclj 

after exercise and conversion of T" from upright to diphasic in the 4 minute tracing. 


of digitalis at the time of the test and in 
G of these the results were positive (32 %). 
Of the 72 patients who were not receiving 
digitalis, 25 (35%) were positive. Since 
these patients were not studied both before 
and after digitalization, it cannot be stated 
whether digitalis played a significant role 
in the determination of results. In view of 
the findings in normal individuals, how- 
ever, the possible influence of the drug 
should always be considered. 

The electrocardiographic response to 
e.\ercisc in patients convalesdng from 


acute infections is of interest. Although 
only 4 of the patients tested showed more 
than a minimal alteration, the subsequent 
disappearance of these changes in the 2 
subjects who were followed is of pos.^^ible 
significance. Electrocardiographic abnor- 
malities during the course of pneumonia 
have been described' ® -* "’y and have 
included disturbances of rhythm and con- 
duction as well as changes in the auricular 
and ventricular comple.xes. Slight eleva- 
tion or depression of the HS-T junction 
has been noted in a small number of 
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Some of the changes 
have been observed during the postfebrile 
period and have been interpreted as pos- 
sible evidence of active disease processes 
of the heart. The persistence of some 
alteration in the state of the myocardium 
during early convalescence, not manifest 
at rest but reflected in the electrocardio- 
graphic response to exercise, may explain 
the slight changes we have observed and 
their subsequent disappearance. 

Summary and Conclusions. 1. The 
Master “two-step” exercise test was per- 
formed in 163 subjects including controls, 
patients with heart disease and patients 
convalescing from acute illness. 

2. The electrocardiographic changes fol- 
lowing exercise were regarded as significant 
in 40.7 % of 59 patients with coronary dis- 
ease and in 48.3% of 31 patients with 


anginal syndrome. No serious untoward 
reactions to exercise were noted. 

3. The electrocardiographic response 
was positive in 7 of 10 patients who experi- 
enced anginal syndrome during the test. 

4. A small number of patients with a 
negative “standard” test showed a positive 
test when the “double standard” exercise 
was performed. 

5. The test provides a means of deter- 
mining coronary insufficiency when other 
means are not available, although it does 
not do so in all cases. The practical value 
of the test appears to be limited by a high 
incidence of negative responses. 

6. The theoretical aspects of the test are 
discussed. The possible influence of differ- 
ent electrocardiographic techniques and 
criteria as well as the influence of food, 
digitalis and recent acute illness are con- 
sidered. 
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Anuria with its concomitants of in- 
creasing azotemia and uremia is not 
uncommon. It may follow such widely 
diversified conditions as transfusions with 
incompatible blood or other hemolytic 
reactions, severe burns, prolonged shock, 
the crush syndrome, toxemia of pregnancy, 
certain operations — notably transurethral 
resection or simple retrograde urologic 
studies; also the administration of sulfona- 
mides, certain of the heavy metal poisons, 
and a great group of other organic com- 
pounds related to carbon tetrachloride. 

The mortality rate in such cases, un- 
fortunately, is high because of the rapid 
accumulation of nitrogenous and other 
waste substances in the body which nor- 
mally would be excreted by the kidneys. 
Often irreversible renal lesions cannot be 
demonstrated at postmortem examina- 
tion. The problem in such instances, 
then, is to tide the patient over that 
period of renal insufficiency until such 
time as the damaged kidneys can resume 
their normal functions. 

The concept of treating acute renal 
insufficiency by extrarenal excretion is not 
new. /Vbel, Rowntree and Turner,* in 
1914, were the first to devise a method 
for external dialysis by means of an 
“artificial kidney.” The skin has been 
utilized in the past as a route of excretion 
by means of baking, tubbing and diapho- 
resis. Nor is the use of the gastro-intes- 
tinal tract as a means of extrarenal excre- 
tion new. Purging, gastric lavage, rc- 
I>eatcd enemas have all been attempted. 
Recently Rogers, Sellers and GornalP have 
shown that when surgically isolated loops 


of bowel are perfused in nephrectomized 
dogs, the blood non-protein nitrogen can 
be reduced. 

Peritoneal lavage, in vogue at the mo- 
ment, was first employed by Gantner,® 
in 1923; and was recently revived by 
Frank, Seligman and Fine.- Nonetheless, 
the use of the peritoneum has certain 
practical objections; (1) the need for 
strict aseptic technique and the potential 
infection of the peritoneum by organisms 
not susceptible to available antibiotics; 
(2) mechanical difficulties encountered in 
the elaboration of fibrin by the perito- 
neum and the reduction of its efficiency 
as a dialyzing membrane when covered 
with a plastic fibrinous exudate; and (3) 
the necessity of operating upon a patient 
already critically ill, to invoke its use. 

The utilization of the small intestine 
as a dialyzing membrane with volume 
flow of perfusate comparable to that 
maintained in peritoneal lavage has never, 
to our knowledge, been attempted in 
humans. Yet the small intestine appears 
to be the ideal dialyzing membrane for 
the following reasons: (1) it is accessible 
without operation; (2) with its “corru- 
gated” surface and great length it pre- 
sents a large surface area; (3) notoriously, 
it imposes a barrier to infection; and (4) 
one of its most important functions under 
normal conditions is to permit diffusion in 
both directions. 

The following case is reported in which 
massive intestinal perfusion was employed: 

Case Report 1. A 45 year old woman was 
admitted to the hospital, Sept. 2.3, 1947, on 
the sendee of Dr. C. E. Scblichtman. A his- 
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tory was obtained from friends that she 
had been drinking alcohol excessively and 
that on the preceding day had ingested an 
indeterminate amount of cleaning fluid. 
This was subsequently determined to con- 
tain a number of ingredients, including 
naphthalene, glycol ether and a variety of 
hydrocarbons, ranging in volatility between 
gasoline and kerosene. 

On examination she was found to be dis- 
oriented, confused and restless. The tem- 
perature was 39° C. and the pulse rate 
120 per minute. A few fine crepitant rales 
were heard at the right lung base. The 
heart was normal and its rhythm regular. 
Blood pressure was 100/70. The lower mar- 
gin of the liver was tender and extended 
3 cm. below the right costal margin. The 
spleen was not felt. The extremities were 
normal and there was no edema. The blood 
contained 15.5 gm. of hemoglobin and the 
white blood cells numbered 21,000. 


as shown in Figure 1, and all subsequent 
specimens contained large amounts of albu- 
min, white blood cells, epithelial cells and 
granular casts. 

By the 5th hospital day she was com- 
pletely comatose and the blood non-protein 
nitrogen was 330 mg. per 100 cc. Intestinal 
perfusion was started through 2 I^Iiller- 
Abbott tubes placed in the small intestine 
as shown in Figure 2. At the end of 12 hours, 
approximately 22 liters of fluid had run 
through and the blood non-protein nitrogen 
had dropped to 121 mg. Twelve houns later 
it was found to be 66 mg. The concentra- 
tion of non-protein nitrogen in the initial 
sample of perfusate was 50 mg. per 100 cc. 
Intestinal perfusion was continued in this 
fashion for 7 da3's. Then, because of the 
increasing urine output, the perfusion opera- 
tion was maintained onl)’- on a half time 
basis and then completelj’’ discontinued. At 
this time she looked well clinicall}’-, was 



The following daj'’ she was definitely 
.jaundiced with the lower liver margin e.x- 
tending downward below the iliac crest. 
Icteric index was found to be 36. On this 
daj" 300 cc. of urine were obtained, contain- 
ing no albumin, a normal sediment and a 
specific gravitj' of 1.022. This was evidently 
(liarth' at least) residual urine antedating 
the nephrotoxic action of the cleaning fluid. 
The urine output then dropped off abruptlj', 


oriented, rational and complained of no dis- 
tress. The jaundice had disappeared and 
the liver edge receded to the co'tal margin. 
However, during the next 4S hours the non- 
protein nitrogen ro.=e from 49 to 103 mg. 
and the creatinine from 11.2 to 12.3 mg. 
per 100 cc., whereupon treatment b.v perfu- 
sion was reinstituted. 

In the preceding 4 daj’S increasinal.v fre- 
quent extrasj'stoles had developed and there 



688 JIARQUIS, SCHA'ELL: treatjient of aitoria by intestinal perfusion 


was a noticeable decrease in the duration of 
systole. On the evening of the 15th hospital 
day (the 10th day of intestinal perfusion), 
wliile talking to the nurse, she gasped and 
suddenly expired. Studies of the blood 
taken within 24 hours before death revealed 
the following: total protein, 5.9 gm. per 
100 cc., with the albumin fraction 3.3 gm.; 
calcium, 9.4 mg.; phosphorus, 4.1 mg.; sod- 
ium, 139.5 mEq./L. and serum potassium 
(not reported until after death), 1.1 meq./L. 

Necropsy. The brain was found to be 
normal except for mild edema. Each pleural 
cavity contained about 200 cc. of clear fluid. 
The lungs showed only moderate edema. 
The heart appeared to be normal both grossly 
and microscopicall 5 n The pericardial sac 
contained about 30 cc. of clear fluid. There 
was no evidence of a fibrinous pericarditis. 
The abdominal cavity contained about 
1000 cc. of transudate. The small intestine 
showed slight edema of its coats but was 
not otherwise remarkable. In the retroperi- 
toneal tissue, just distal to the ligament of 
Treitz, there was an ecchymosis about 3 by 
4 cm. in extent. Otherv'ise no areas of 
hemorrhage were seen. The liver weighed 
1590 gm. Its capsule was brownish and 
wrinkled. On section, accentuation of the 
central zone markings was noted, ghung 
somewhat the appearance of a nutmeg liver. 
Microscopically, all of the lobules showed 
extensive central necrosis. The sinusoids at 
the peripherj' were normal. The kidneys 
were considerably enlarged, the right weigh- 
ing 315 gm. and the left 310 gm. The 
external surfaces were smooth and pale. 
The capsules stripped easily. The cut sur- 
faces were moist and edematous. The cor- 
tex was slightly thickened, the structural 
detail was somewhat hazj' and the cortico- 
mcdullarj' junctions were poorly defined. 
Microscopically, the glomeruli showed mod- 
erate congestion. There were occasional 
areas of lymphocj'tic infiltration in the inter- 
stitial tissue. The proximal and distal 
convoluted tubules showed marked cloudy 
swelling and were somewhat dilated. The 
lumina contained small amounts of amor- 
phous material. Occasional tubules con- 
tained bile-stained casts. 

Discussion. In the care of this patient 
3 types of problems were involved: (1) 
general problems in medical management; 
(2) mechanical problems with regard to 


placement, maintenance and operation of 
the tubes; and (3) chemical problems in 
the maintenance of water, electrolyte, 
and acid base balance. 

At the onset, financial considerations 
precluded special nurses in constant at- 
tendance, certain laboratory procedures 
which would have been helpful in man- 
agement, and the use of buffered electro- 
lytically balanced hyperosmolar solutions. 
As the utter hopelessness of the situation 
was gradually abandoned, and the picture 
brightened, some of these advantages 
became available to us. 

Attempt was made to maintain nutri- 
tion by intravenous administration of 
1000 cc. of plasma daily. An indetermi- 
nate amount of glucose was also absorbed 
from the perfusion fluid. Additional par- 
enteral vitamins would have been desir- 
able, but these were never given. 

As the patient roused from coma, she 
became restless and noisy, increasing the 
difficulty of nursing care. The use of 
sedatives was carefully considered, inas- 
much as their excretion rate in an anuretic 
individual was an unknown factor. It 
was finally decided to administer paralde- 
hyde parenterally, as its excretion is 
largely pulmonary. This proved to be 
an ideal sedative in doses of 5 to 8 cc. 
as often as required. No harmful effects 
from the drug were detected. 

The Miller-Abbott tubes were passed 
orally in the usual manner. The first was 
placed in the duodenum and the balloon 
inflated before attempt was made to pass 
the second. All in all, the patient pulled 
out both tubes twice and vomited the 
proximal tube on 1 occasion. The former 
accident was prevented subsequently by 
more constant nursing care, hand re- 
straints and the liberal use of paraldehyde. 
It was felt that r-omiting was produced 
by reflux of fluid into the stomach, pro- 
ducing distention which initiated the 
vomiting reflex. This was never again 
encountered when the proximal tube was 
anchored in tlie third portion of the duo- 
denum. The perfusing fluid was adminis- 
tered by drip method through tlie proxi- 
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mal tube with its balloon deflated. The 
rate of flow was always maintained as 
high as was mechanically possible. Initi- 
ally, because we were uncertain as to the 
amount of trauma and edema which 
would be produced in the small intestine 
b}'’ this massive flow, relatively long “rest 
periods” Avere ordered. HowcA'^er, as Ave 
became more familiar Avith the method, 
and as the patient became conscious, 


anchored at that point. The bag AA’as 
then partially deflated. On the foIloAAung 
day the distal end of the tube AA'as seen to 
emerge from the rectum. EAu'dently the 
boAA^el had shortened and threaded itself 
over the tube. EolloAAung this, by means 
of the fluoroscope, the distal end of the 
tube Avas AAuthdraA\m to a position in the 
terminal ileum and the bag still further 
deflated AA'ith no subsequent trouble from 


Fig. 2. — Roentgenogram of Millci-Abbott tubes in intestine. 



more cooperative, and rarely complained 
of pain, these “rest periods” AAmre gradu- 
ally shortened empirically to 5 minutes 
out of eAmry hour. It is questionable 
Arhether they Avere at all necessary. Ordi- 
nary Baxter suction AA’as applied to the 
distal tube AAdiich AA’as allowed to migrate 
to the ileum as shown in Figure 2. After 
rcA’ieAA’ing this roentgenogram it was felt 
that a still greater perfusing area should 
be utilized and, accordingly, 3 more feet 
of tubing were inserted and the tube then 


“migration.” On scA’eral occasions a tube 
AA’as inserted into the rectum and the dis- 
tal bag completely deflated in order to 
bring the entire intestinal tract into use 
as a perfusing surface. This, liOAA’eA’er, 
was found to increase the difficulty of 
nursing care and make the measurement 
of output more inaccurate Avithout appre- 
ciably increasing the efl'ectiA’encss of the 
operation. Occasionally the distal tube 
became obstructed. folloAA'ing Avhich the 
abdomen rapidly distended and the rate 
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of inflow automatically decreased. Dur- 
ing these periods, complete deflation of 
the bag along with rinsing of the tube 
with air or saline was all that was neces- 
sary to reestablish normal function. 

It was apparent at the outset that if 
carefully balanced fluids such as modified 
Tyrode’s solution as suggested for perito- 
neal lavage could have been utilized in 
this case, our problems in electrolyte, 
water and acid base balance would have 


chloride, 1 gm. each, per liter of tap water 
which had been warmed to body tempera- 
ture. In the first 24 hours, 42.7 liters of 
this solution were instilled. The fall of 
blood non-protein nitrogen from a level of 
330 mg. just prior to the onset of treat- 
ment to 121 mg. in 12 hours and to 66 mg. 
at the end of 18 hours of treatment was 
most gratifying. However, by this time a 
positive fluid balance of over 6 liters had 
been achieved which was easily apparentjin 



ITr.. a.— Intake anti ontptit volume of i>erfusion a.3 compared to blood non-protein nitroRen. 


become greatly minimized and indeed, 
probably would have permitted recovery, 
Tliesc .solutions were not available to us 
at the time. .-Vecordingly. perfu.sion was 
begun with .saline prepared by the simple 
expedient of dissolving 9 tablets of sodium 


the development of massive edema. Al- 
though the saline solution was roughly 
isotonic, increased intraluminal pressure 
and other factors undoubtedly aided in 
the absorption of sodium which allowed 
the development of edema. At this point 
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10 % glucose was substituted for saline in 
the perfusion fluid with subsequent de- 
velopment of a negative water balance 
and corresponding decrease in edema. 
This eventually led to clinical acidosis 
with moderate hyperpnea. The blood 
sugar level was 270 mg. per 100 cc., no 
ketone bodies were found in the small 
amount of urine obtainable, and there 
was no reason to suspect ketosis. Deter- 
mination of the plasma bicarbonate was 
not possible at the time. 


carbonate was thereby converted to car- 
bonic acid and blown off as carbon dio.vide. 
At any rate, the perfusion fluid was again 
changed to include 8 gm. of sodium chlo- 
ride and 1 gm. of sodium bicarbonate per 
liter. The patient was followed along in 
this manner with the perfusion fluid al- 
tered frequently to correct the clinical 
picture at the moment inasmuch as com- 
plete laboratory data were never available. 

The level of the blood non-protein nitro- 
gen was maintained roughly inversely 



Fio. 4.— Comparisons of levels of blood urea nitrogen and blood creatinine with the non-protein 

nitrogen of the perfusate. 


It was felt that with the rapid with- 
drawal of sodium from the e.vtracellular 
fluid, there was not a corresponding de- 
crease in bicarbonate since the latter ion 
■'vas, in a sense, forced to compete with 
chloride for diffusion. The excess of bi- 


proportional to the volume flow of perfu- 
sion fluid and did not appear to vary 
perceptibly with the character of the solu- 
tion as shown in Figure 3. The level of 
non-protein nitrogen in the perfusate was 
determined periodically and found tode- 
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dine at approximately the same rate as 
the urea nitrogen of the blood (Fig. 4). 
However, the blood creatinine continued 
to rise. Appreciable amounts of creati- 
nine were found in the perfusate but 
accurate determinations were for some 
reason impossible. The continued rise in 
concentration of blood creatinine was 
never entirely explained. It is known 
that the normal renal excretion of creati- 
nine in humans is mostly a glomerular 
but partially a tubular function. In intes- 
tinal diffusion this component of tubular 
secretion is probably lacking. The de- 
creased rate of creatinine excretion can- 
not be explained on the basis of molecular 
size. Nonetheless, when the volume of 
urine floiv had increased and the intestinal 
perfusion was eventually reduced and then 
discontinued the creatinine rose from 11.2 
to 12.3 mg. while the non-protein nitrogen 
rose from 49 to 103 mg. It was this 
abrupt rise which caused us to reinstitute 
the perfusion operation. 

We were constantly aware that dis- 
turbances in electrolyte balance were un- 
doubtedly being produced. This became 
more apparent with the development of 
premature contractions and shortening of 
the phase of systole. Total serum calcium 
remained within normal limits, probably 
at the expense of its large reserve in the 
bones. No attempt was made to deter- 
mine the value of ionizable calcium, but 
in the presence of an essentially normal 
concentration of blood proteins it was 
felt that the level of diffusible calcium was 
not abnormal. 

With the administration of tlie large 
amounts of isotonic sodium in the perfu- 
sion fluid it seems likely that the concen- 
tration of sodium in the blood remained 
within the range of normal and that in- 
creased total body sodium simply in- 
creased the volume of e.xtracellular fluid. 
Our greatest concern, however, was over 
the disturbance we were producing in the 
level of serum potassium, although one is 
accustomed to tiiink of potassium as pre- 
dominantly an intnicellular cation and, 
therefore less likely to be affected by dis- 


turbances in electrolyte balance. It is 
logical to assume that any alteration in 
the state of dynamic equilibrium which 
normally exists across the cell barrier by 
primarily depleting extracellular potas- 
sium, should secondarily lead to reduction 
of the intracellular potassium concentra- 
tion. It has long been known that in 
uremia the serum potassium frequently 
reaches very high levels. In this instance 
it appeared probable that the reverse 
might be true, inasmuch as an undeter- 
mined amount of potassium was being 
withdrawn into the perfusate without 
being replenished save for the small 
amount administered in the daily plasma 
transfusion. This proved to be the case. 
Because of the difficulty of determining 
the concentration of potassium in the 
serum, no attempt was made to follow its 
level until the development of a cardiac 
arrhythmia made its determination a 
necessity. Accordingly, 12 hours before 
death, blood was isuthdrawn for the deter- 
mination of potassium content but unfor- 
tunately the report was not obtained 
until after death. A level of 1.2 mEq./L. 
as determined by the flame photometer 
method is e.xtremely low (normal 4.1 to 
5.6 mEq./L.). Depression of potassium 
of this degree is consistent with the devel- 
opment of frequent premature contrac- 
tions and sudden death. 

Summary. The small intestine has been 
shown to be an easily accessible dialyzing 
membrane with the use of Miller-Abbott 
tubes. By means of massive perfusion 
flow the blood non-protein and urea nitro- 
gen can be maintained at reasonably low 
levels in an anuTic individual. Creati- 
nine appears to diffuse through the intes- 
tine at a slower rate, permitting accumu- 
lation in the blood. It is believed, how- 
ever, that increased levels of creatinine 
jKr sc have a considerably lessened sig- 
nificance if nitrogenous and other wastes 
can be removed by cxtrarenal excretion. 

No information was gained as to the 
removal of phenols, paracresol, indican, 
guanidine, and others, felt by some ob- 
servers to be responsible for the nrernic 
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syndrome and the eventual cause of death. 
It is to be pointed out, however, tlmt the 
patient looked well just before her sudden 
demise and presented none of the clinical 
signs of uremia. We believe that the 
extremely low level of serum potassium 
attained was the direct cause of death by 
inducing ventricular fibrillation. This 
should never again be encountered nor 
should the enormous difficulties in electro- 
lyte, water and acid-base balance occur if 
electrolytically balanced solutions are 
used for perfusion. These fluids need not 
be sterile nor pyrogen-free and probably 


can be prepared in the average hospital 
pharmacj^ in large quantities without too 
great difficulty. 

At necropsy no important ill-effects ap- 
pear to result from this form of therapy. 

Conclusions. 1. A method of treat- 
ment of anuria by intestinal perfusion is 
presented. 

2. A case is reported in which extrarenal 
excretion by intestinal perfusion was em- 
ployed. 

3. The problems encountered by this 
form of therapj’- are discussed. 


With grateful acknowledgment for helpful suggestions gWen us by Dr. Herbert C. Moffitt. 
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This article attempts a condensed The mean diameter is about 7.2 micra 
survey in sequential order of recent in dry films, and 8.0 in fresh wet 
contributions to the understanding of states.^ 

the red cell in infancy and childhood. The pale greenish-yellow color of tlie 
Attention is paid to structure, media- hemoglobin in tlie red cell is tliickest 
nisms of hemolysis, osmotic resistance at the periphery. In dense masses of 
as a measure of functional integrity of cells the color turns into a distinct 
tlie cells, embryogenesis, and normal red. YVhen tlie cells are lysed the 
values and variations in the red count hemoglobin is dissolved out into the 
during infancy and childhood. More plasma. The colorless corpuscle which 
detailed e,Kpositions of some of tlie fea- remains is called a ghost or shadow 
tures can be found in the summaries cell, though as much as 30% of the 
by Maximow and Bloom"- (anatomy), original hemoglobin may still remain 
Best and Taylor^ (physiology). Win- (Ponder).-'^'' The proportion of fixed 
trobe'” (disease states). Ponder"''"'’’'’ stromal framework to hemoglobin ap- 
(hemolysis), from whose descriptions pears to be about 3.4%. 
the discussion of red cell structure has Red cells are extremely soft and flex- 
been largely compiled. ible. The slightest mechanical pres- 

sure such as may occur in passage 
Structure. When examined in pro- through a fine capillary distorts their 
file the red cells appear as biconcave shape, but they return to the usual 
discs with rounded ends and a con- form as soon as the pressure is relie^’ed. 
stricted middle part, more marked on Red cells possess a thin, semiperme- 
one side than the other. Considerable able membrane composed of lipids and 
variations in diameter may exist be- protein molecules. Tlie membrane al- 
tween tlie smallest and largest cells, lows water and some water-soluble 
(G04) 
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substances to enter freely but is rela- 
tively impermeable to cations such as 
those of potassium and sodium. Under 
physiologic conditions tlie interior of 
the red cells and the plasma are in a 
state of osmotic equilibrium. If tire 
molecular concentration of the plasma 
is lowered through the addition of 
water, water enters the red cell. If 
the osmotic pressure of the plasma in- 
creases, the red cell yields water to 
the plasma. 

The evidence indicates tliat the sur- 
face membrane is a zone of assorted 
proteins and lipids only a few mole- 
cules thick. The interior of the cell 
possesses a sponge-hke stroma of the 
same or similar materials, probably in 
tire form of a gel. There is also an 
outer coating of “anti-sphering” pro- 
tein, a fraction of serum albumin which 
can be absorbed away by glass. This 
protein layer aids in maintaining the 
discoid shape. When a cell suspension 
is placed between a glass slide and 
coverslip the shape becomes spherical. 
With plastic slides and coverslips this 
does not happen. Hemoglobin is held 
in tire meshes of the sti'oma, or more 
likely is bound chemically to the 
stroma substance itself. The water con- 
tent of the red cell is lower than that 
of most cells of the fixed tissues, 
amounting to about 60%. Hemoglobin 
makes up SO to 90% of the total solids 
of the cell (and almost 34% of its fresh 
weight). Other proteins (0.5 to 1%), 
phospholipids (lecithin and cephalin) 
and cholesterol (0.4 and 0.3%, respec- 
tivel}^), inorganic salts, urea, amino 
acid, creatine and trace amounts of 
other substances make up the re- 
mainder of the cell solids. Much of 
the lipid lies at or near the surface. 
Ajrart from hemoglobin the principal 
protein of tlie stroma is “stromatin” 
V'hich in amino acid composition re- 
sembles the keratins. Potassium is the 
principal base. 

The behavior of die red cell in solu 
tions of varjing osmotic pressures is 


diat of a colloidal system limited by a 
semi-permeable membrane rather than 
diat of a membraneless gel. Not only 
does the law of isotonic coefficients 
hold for it, but die volume changes in 
solutions of varying concentration are 
in accordance with osmotic laws and 
not with those governing die swelling 
of gels. The fact diat the cell body 
shrinks rather dian swells as its pH 
is carried in die alkaline direction from 
the isoelecti’ic point of its chief protein, 
hemoglobin, is indicative of an external 
membrane possessing differential per- 
meability to ions. 

The conceptions of the molecular 
structure of the surface membrane and 
die cell interior are still far from clear. 
Ponder-®''’*' has summarized this con- 
troversial problem. It is likely that 
the stromatin protein forms a support- 
ing intracellular matrix which is con- 
jugated loosely with the hemoglobin 
mass. The discoid shape of die normal 
red cell results from the organization 
of molecules of surface and sti’oma, 
and is influenced also by die plasma 
albumin absorbed on the surface of the 
cell. 

The usual stay of the matine non- 
nucleated red cell in the circulation is 
approximately 110 to 120 days (Molli- 
son and Young, As the red cells 
age in the blood sti'eam it is thought 
that diey may become more spheroid 
and lose some elasticity, so that diread- 
ing die small capillaries becomes 
mechanically more difficult. Old cells 
may fragment \vithin the blood stream, 
or pass to oblivion in die recesses of the 
spleen. It is belie\-ed diat in hemolj’tic 
processes the oldest cells are die first 
to be desti'oyed (Dameshek). 

The longeviti’ of red cells is a rela- 
tive matter, and depends upon environ- 
mental circumstances. Tlie life span 
of red cells is determined by: (/) the 
intrinsic properties of the cell itself; 
(S) die activit}- of blood-dcstro\ang 
mechanisms which may or may not in- 
clude the presence of a hemol\-Hc proc- 
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ess; (S) in the case of transfusion, the 
adaptation of tliis mechanism to the 
transfused cells. Transfused cells may 
disappear from tlie circulation at a 
regular rate indicating that the prin- 
cipal cause of death is old age, yet 
their life span may be much shorter 
than occurs in the original donor. The 
majority of red cells formed at one 
time die at the same time; some may 
be destroyed without regard to their 
age but old age seems to be tlie main 
factor which determines the life span. 

(These generalizations regarding the 
structure of human red cells have been 
worked out without special reference 
to the factor of age of the subject.) 

Hemolysis. The present status of 
tlie hemolytic mechanisms have been 
outlined in detail in Dameshek’s re- 
cent reviews,*’'-*' with tlie provoking 
comment tliat more is known about 
abnormal blood destruction than about 
normal processes. Dameshek believes 
that no single mechanism can be in- 
criminated as being solely responsible 
for all hemolytic states. Hemolysins de- 
fined as substances of any kind which 
directly or indirectly injure the red 
cell and lead to its destruction, are 
divided into tsvo ty-pes: simple and 
comple.x. Simple hemolysins are chem- 
icals such as saponin, lecitliin, Ij'soleci- 
thin, arsine gas, benzol, and some of 
the sulfonamides or tlreir end prod- 
ucts. Tliese cause tlie immediate de- 
struction of the red cell xvithout the 
intervention of any intermediate sub- 
stance. Complex hemolysins, in con- 
trast, injure the surface membranes as 
amboceptors, but do not actually de- 
stroy the red cells unless or until com- 
plement is added also. 

Dameshek views agglutinins as being 
distinct from hemolysins, and much 
more common. Some agglutinins act 
at or above body temperature (warm 
agclutinin. e. g., the anti-Rh agglu- 
tinin). some act at any temperature, 
(e. g.. the iso-agglutinins. anti-A and 


anti-B), and some act best at icebox 
temperature, i. e., cold agglutinin. 
“Agglutinins may also be pure or sim- 
ple in type, without any but an agglu- 
tinative action, or they may be more 
complex, i. e. aet as agglutinins in one 
set of circumstances but as hemolysins 
imder other conditions, e. g. when com- 
plement is added.” In tlie absence of 
complement, agglutinins are believed 
to increase the fragility of tlie sensi- 
tized red cells to mechanical stress or 
strain. Stasis (Ham and Castle), 
splenic activity (Dameshek),'® and 
physico-chemical changes in tlie en- 
vironment must also be considered. An 
incomplete injury leads to spherocy- 
tosis, which is a change in shape indica- 
tive of partial hemolysis. Greater in- 
jury leads to escape of tlie hemoglobin, 
and perhaps to complete destruction 
of the cellular structure itself. 

It is generally believed (Haden,^® 
Ponder-®''’-*’ Dameshek-®-*') tliat save for 
a few exceptions, the shape changes 
which initiate and accompany the 
breakdown of a red cell follow sub- 
stantially the same pattern no matter 
what the hemoljtic agent. The first 
change, according to Ponder, is tlie 
appearance of small discrete irregulari- 
ties on tlie discoidal surface, believed 
to indicate a focal reaction of tlie 
hemolytic agent witli molecular group- 
ings of tlie cell membrane. As liemolj'- 
sis progresses the number of crenation 
points increase until the entire surface 
is thickly studded. At the same time 
the cell tends to become spherical. 
The crenations become more numerous 
and finer and finer, and soon are no 
longer recognizable. The cell then 
has the appearance of a glistening 
sphere with a smooth surface. During 
the first phases of tin's process, hemoly- 
sis may be prevented by washing off 
the saponin or adding normal serum 
which neutralizes the hemolytic action 
of this and many other substances. The 
red cell may then return to its original 
shape. But if the hemolysins are per- 
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mitted to act until the discoid cell has 
grown smooth and round, the process 
becomes irreversible and the distended 
red cell fades ratlier suddenly from tlie 
microscopic field. Dm-ing the stage 
of fading it is known as the “prolytic” 
sphere. The hemoglobin flows out 
rapidly through the open pores and 
only a gossamer-like “ghost” remains. 

Ponder’s direct microscopic studies 
of the changes in form which take 
place dmring hemolysis have led him 
to hypothesize that two cell com- 
ponents are involved in lysis. The 
first is concerned with mechanical 
rigidity and maintenance of tlie bicon- 
cave shape. The second is concerned 
with the prevention of the outward 
diffusion of hemoglobin. Some lysins 
such as lecithin seem to act on the 
“rigidity component” much more rap- 
idly than on the “permeability com- 
ponent,” whereas otlier lysins such as 
saponin produce tlieir effects on tlie 
two components more nearly simul- 
taneously. “To give the terms a definite, 
if temporary, meaning, we may think 
in the meantime of the shape com- 
ponent as being a supporting ultia- 
sti'ucture, probably, but not necessarily, 
situated at tire surface of the cell, and 
of the permeability component as be- 
ing a layer or membrane, only a few 
molecules tliick, situated somewhere in 
tire tliickness of tire ultrastructure.” 

The ionic and osmotic equilibria 
which attend tire red cell in various- 
media, and pg^i-ticularly plasma, have 
interested many workers, and a large 
body of literature has been built up. 
The most recent report is tlrat of Ja- 
cobs and Stewart.-^ These authors 
summarize some of the earlier work and 
propose a mathematical formula to 
ti-eat witlr all tlieoretically possible 
oases. Tlris formula deals ufitlr dre 
many different combinations inside and 
outside the cell of penetrating and non- 
penetrating anions, penetrating and 
non-peneb-ating cations, penetrating 
ond non-penetrating neuta-al molecules. 


and proteins. “Even widi the necessary 
r-esb'ictions diat tnere musi anvays be 
an electrical balance between anions 
and cations and that every penetrating 
ion and molecule must be represented 
at equilibrium on both sides of die cell 
boundary, diey number several hun- 
dred.” 

Jacobs and Stewart"^ point out diat 
only die problems of the anions in re- 
lation to red cell permeability have 
been studied to any great extent. The 
surface membrane is freely permeable 
to most anions (the cib'ate ion is a prom- 
inent exception), and therefore “its 
continued existence in a salt solution 
is dependent upon either a physical or 
physiological (Harris)^'^ impermeability 
to cations. Widiout restraining forces 
of a magnitude greater than diose be- 
lieved to be present, a simultaneous 
permeability to bodi anions and cations 
would be incompatible with die preser- 
vation by the cell of its normal volume. 
Consequently any agent that makes 
erydu-ocytes permeable to cations 
should have hemolytic properties. A 
good example of such an agent is n- 
butyl alcohol (Netsky and Jacobs).”-^ 
Tliis general type of hemolysis, known 
as colloid-osmotic hemolysis, has been 
recently investigated b)' ^ViIlbrandt,-^ 
who has showm it to be of frequent 
occm-rence. Colloid-osmotic Iiemolysis 
can be prevented or greatly retarded 
by low concentrations of non-pene- 
trating non-electrolytes like sucrose. 
Jacobs and Stewart believe simple os- 
motic principles can account for colloid- 
osmotic hemolysis and other puzzling 
iflienomena, such as die hemolj’tic ef- 
fects of ammonium salts and their in- 
hibition by addition of sufficient sod- 
ium chloride solution. 

Findlay^^ points out that in hypo- 
tonic saline solution, die escape of 
hemoglobin from the swollen red cells 
appears to be by diffusion through the 
cell membrane. lea\ang the stroma and 
cell membrane pale but still recog- 
nizable. Distinction must therefore be 
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drawn between hetnosmosis (escape of 
hemoglobin) and stromatolysis (disinte- 
gration of the cell body). 

One hemolysin present in trace 
amovmts in normal blood serum is 
lysolecithin. Lysolecithin was used by 
Singer^^ as a means of testing red cell 
fragility. Normal cells showed incom- 
plete hemolysis at a lysolecithin dilu- 
tion of 1 to 16, whereas the cells of con- 
genital hemolytic jaundice showed com- 
plete hemolysis at this dilution. Singer 
noted that some patients whose red 
cells exhibited a normal saline fragility 
had a rapid lysolecithin reaction. In a 
few patients \\nth sickle cell anemia 
there appeared to be a lack of parallel- 
ism between the resistance of the red 
cells toward hypotonic saline as com- 
pared with lysolecitlhn. 

Osmotic Resistance. The fact tliat 
the integrity of the red cell becomes 
abnormal in certain diseases has led 
clinicians to search for such an abnor- 
mality when the presence of tirese 
diseases is suspected in their patients. 
Tlie most widely employed test for dis- 
turbed cell structine is tliat of “fra- 
gility',” in which small quantities of the 
blood under investigation are distrib- 
uted tlirough a graded series of hypo- 
tonic aqueous solutions of sodium 
chloride. Tliis test has a sound tlieo- 
retic foundation, as will be brought out 
in succeeding paragraphs. Unfortun- 
ately the recommendations for the pro- 
cedure given in most texts on clinical 
pathology fail to control several crucial 
variable’s. In Fennel’s*'’ phrase, “our 
methods of investigation have been 
about as simple and accurate as tickling 
a flea in the ribs witli a telegraph pole.” 

Hypotonic salt solutions are, of 
course, but one kind of abnormal en- 
vironment. Of as great or greater 
potential value for information are 
solutions containing thiourea, glycerol, 
lysolecithin, urea, ethylene glycol, or 
other penetrating or non-penetrating or- 
canic and inorganic substances. Alter- 
ations in osmotic resistance can be 


found more or less regularly in con- 
genital ictero-hemorrhagic anemia, 
Mediterranean (Cooleys) anemia, and 
2nd sickle cell anemia. It is obvious, 
of course, that interpretations of find- 
ings in abnormal states depend on the 
values for the normal and the ranges 
of normal variation. 

One must always bear in mind drat 
the osmotic approach deals not witir 
single red cells but with population 
samples composed of many millions of 
units. These populations are far from 
homogeneous witir respect to osmotic 
resistance. Cm-ves of percentage sus- 
ceptibility become apparent when 
blood specimens are distributed through 
appropriately graded series of testing 
solutions, 'Thus when destructive cell 
rupture is taking place in a red cell 
suspension, tire rate of liberation of 
hemoglobin or diminution in turbidity 
can be measured by optical metlrods. 
Differential curves will be exlribited, 
with units of time as ordinates and 
percentages of hemolysis as abscissas. 
It is probable that in normal blood tire 
most fragile cells which rupture first 
are the older cells, witli reticulocytes 
and younger cells tire last to go. 

Jacobs and Parpart-'”’ have ascribed 
the osmotic variability in red cell popu- 
lations to probable chemico-structural 
differences in the membranes of differ- 
ent cells, either in resistance to stretch- 
ing or in becoming permeable to hemo- 
globin when stretched. 'They comment 
tliat the quantity of cells in a popula- 
tion being tested is so numerous tlrat 
successive samples from the same lot 
of blood prove almost identical. 'Tire 
osmotic variations are practically con- 
tinuous and represent an almost in- 
finite number of degrees of hemolytic 
resistance, Tlie variability of the cells 
instead of being a source of error be- 
comes an advantage, by rendering it 
possible to compare with a high degree 
of accuracy the osmotic properties of 
.solutions whose concentrations differ 
but slightly. 

Many e.xperiments on the osmotic 
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behavior properties of red cell popula- 
tions have been carried out by Jacobs 
and his associates.^®“’‘’’^‘-'’^°“’'’’‘=’^^ With 
penetration by water alone, tire noted 
changes are an exact measure of the 
amount which has entered or left tire 
cell Widi solutions of dissolved sub- 
stances conditions are somewhat moi'e 
complex. When a dissolved substance 
enters a ceil in osmotic equilibrium 
witli its surroundings an osmoticaliy 
equivalent amount of water accom- 
panies tire entering solute. If tire cell 
does not oppose tire resulting tendency 
to swell by means of a resistant mem- 
brane or odrerwise, and if water pene- 
trates as rapidly as the dissolved sub- 
stance so tlrat osmotic equilibrium is 
at all times maintained, then tire in- 
crease of volume may be used as an 
accurate measure of the amount of sub- 
stance which has peneriated. 

Unfortunately, it is not practicable 
to observe with accuracy tire volume 
of individual red cells. The hemato- 
crit technique which measures tire ag- 
gregate volume of a very large number 
of cells tightly packed togetlrer has cer- 
tain disadvantages, tire most important 
being tire time required for accurate 
volume determinations. The hemato- 
crit technique can be employed only 
witlr substances which penetrate slow- 
ly. For tlris reason Jacobs^®*’ favors tire 
indirect method, which measures tire 
decrease in turbidity in the red cell sus- 
pension as the cellular integrity is de- 
stroyed. This approach assumes tlrat 
when tire red cell swells to a certain 
fairly definite volume its hemoglobin 
escapes— if not wholly at least to the 
extent tlrat tire cell becomes imisible 
in its hemoglobin-containing surround- 
ings. One great advantage of the 
hemolysis method over the hematocrit 
method is that it is adaptable to experi- 
ments of only a few seconds total dura- 
tion. 

The speed of hemolysis depends 
upon the rate of entrance of the dis- 
solved substance, tire rate of entrance 
of water, and die rates of escape of 


dre hemoglobin, die salts, aird the odier 
osmoticaliy active substances. It is not 
solely a measure of die rate of penetra- 
tion of die dissolved substance, drough 
in controlled circumstances it may be. 
One source of error may be die non- 
osmotic effect of die penetrating sub- 
stance. Ill addition, osmotic hemolysis 
is favored by lower temperatures and 
iniribited by higher temperatures, and 
is extremely susceptible to changes in 
die environmental pH. Alterations in 
oxygen tension can give rise to second- 
ary osmotic effects. All these environ- 
mental factors must be carefully con- 
trolled if valid conclusions are to be 
drawn from fragility e.xperiments. 

Guest and Wing** describe hemato- 
crit measurements in parallel of die 
swelhng and hemolysis of red cells 
suspended in hypotonic salt solutions. 
The subjects were 3 normal newborns, 
5 normal infants and children and 7 
adults. They concluded tiiat dieir data 
supported the diesis of Ponder and 
odiers that red cells within certain 
limits behave as perfect osmometers. 
There was close agreement between 
values for “expected osmometi'ic swell- 
ing,” and for the cell I'olumes deter- 
mined at each tonicity. The diesis of 
Haden*® and others that the ma.ximum 
swelhng of red cells is limited by an 
inelastic surface membrane was sup- 
ported also by the close agreement 
found between values for die expected 
maximum swelling calculated from the 
mean surface area of the cells and the 
ma.ximum cell volumes actualh' deter- 
mined. 

These authors’ * suggest as possibh 
fallacious that lO^c hemolysis as meas- 
ured by die amount of hemoglobin in 
the supernatant fluid represents the 
rupture of the identical percentage of 
cells in the sample; this amount of 
hemoglobin would not represent the 
same proportion of cells if derived all 
from small cells or all from big cells 
It is conceivable also that some more 
resistant cells may lose part of their 
contents xridiout full rupture. Furdier- 
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more, if salts escape from some cells 
more easily than from others, tlris 
would lead to less swelling if occurring 
before the peak, or to shrinkage when 
the cells are swollen to the maximum. 

The most important factor tlieo- 
retically and tlie most difficult one to 
control practically is tlie pH of the 
medium. Jacobs and Parpart=““ state 
that more errors have been caused in 
osmotic hemolysis studies by neglect 
of tlris factor tlian of any odier. When 
a relatively large quantity of blood 
is used rvith an unbuffered salt solution, 
the resulting pH will be determined 
chiefly by tlrat of tire blood. This in 
turn will vary greatly according to tire 
amount of COo which has been al- 
lowed to escape. If very small quanti- 
ties of blood are employed the situa- 
tion is no better. The final pH will be 
strongly influenced by that of tire solu- 
tions used. Adsorption of CO 2 from 
the laboratory air in tire absence of 
buffer may be expected to vary con- 
siderably. A breatlr from the experi- 
menter at tire wrong time may com- 
pletely ruin an experiment. 

Reference must be made to the 
minute traces of silver often present in 
so-called chemically irure sodium chlo- 
ride.^ These traces come from the use 
of silver-lined vessels in the jrurification 
process. Since silver is hemolytic, spe- 
cially prepared silver-free sodium chlo- 
ride should be used in the preparatioir 
of saline solutions for hematologic 
work. (Silver-free sodium chloride can 
be obtained from Merck and Com- 
pany.) 

Apparently insignificant changes in 
environmental factors such as pH and 
temperature produce osmotic effects 
within the red cell of a magnitude suffi- 
ciently great to make it impossible to 
secure reproducible results by a method 
a.s sensitive as that of hemolysis. “If 
it be true, as appears to be the case, 
that pH changes of 0.01 pH unit and 
temperature changes of 0.5 C. can pro- 
duce measurable osmotic effects, what 


is to be said of tlie numerous papers 
which have been published upon the 
“fragility” of tlie erythrocytes under 
almost all conceivable normal and 
jiathological conditions, in which in the 
absence of any information whatever 
concerning diese factors an uncertainty 
of as much as 2.0 pH units and 10 C. 
or more may exist and in which, in 
addition, tliere is frequently no assur- 
ance tliat the experiments have been 
sufficiently long continued to secure 
approximate equilibrium? The ery- 
throcyte being what it is, attempts to 
use it for comparative osmotic studies 
without controlling especially the fac- 
tors pH and temperatrue and to a lesser 
extent oxygen tension, are scientifically 
in the same category with attempts to 
study volumes of gases without ac- 
curate regulation of temperature and 
pressure” (Jacobs and Pai'part).“‘’“’^'“ 
To obtain reproducible results in os- 
motic resistance studies, one must use 
very small quantities of blood well 
shaken into buffered solutions of known 
pH at a constant temperature. 

Creed^ has published confirming ex- 
periments. He found cells of venous 
blood to be more fragile than those of 
capillary blood, and noted that this 
difference in fragility could be abol- 
ished by e.xposing the blood to a cur- 
rent of air before adding hypotonic 
saline. The longer the tourniquet was 
apjilied and the greater the cyanosis 
the more fragile the red cells. For 
consistent results the aeration must 
be thorough, as by blowing a strong 
current of air over it for 4 minutes. In 
addition with saline fragility tests the 
ratio of blood to saline must be kept 
constant, to avoid discrepancies from 
the varying quantities of plasma intro- 
duced. The increased proportion of 
plasma in a drop of anemic blood makes 
its corpuscles appear less fragile. One 
drop to every 25 drops of saline gives 
sufficient color for matching purpose, 
even with anemic blood. 

Creed advised that whole blood 
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rather than washed corpuscles be used 
in fragility studies in order to retain 
the buffering effect of the plasma. 
If washed corpuscles are used slight 
alterations in pH of the hypotonic saline 
will produce gross alterations in fragil- 
ity of the washed cells. He noted also 
that hemolysis by hypotonic saline was 
rapid, and practically complete within 
5 minutes. No further hemolysis oc- 
curred for some hours. It was imma- 
terial whetlier the tubes were cen- 
trifuged after 20 minutes or 6 hours; 
but the centrifugation and pipetting off 
of superantant fluid and washing of 
deposit with saline should be com- 
pleted the same day, as furtlier hemoly- 
sis may occur on standing overnight, 
even in a refrigerator. 

Dacie and Vaughan® likewise have 
described parallel studies with conclu- 
sions essentially similar to those of 
Creed^ and Jacobs^®®’*'. They utihzed 
the ratio of mean corpuscular tliickness 
to median corpuscular fragility (which 
is a measure of how far a red cell di- 
verges from the spherical form) as tlie 
expression of cell size most likely to be 
linked with red cell fragility. Increase 
in this ratio is usually though not nec- 
essarily associated with an increase in 
fragility. The authors emphasize tliat 
when the temperature of a hypotonic 
solution is lowered hemolysis is pro- 
moted, and vice versa. They attribute 
tliis to a loss of osmotically active sub- 
stances and associated water with rise 
in temperature, resulting in the cell be- 
coming smaller. Cells suspended in a 
warmer medium being smaller are able 
to take in more water before rupturing 
and hence appear more resistant. An 
alteration of 2° C. in tlie temperature 
of tlie saline solution used for hemoly- 
sis was equivalent to about an 0.002% 
alteration in saline concentiation. They 
noted also that alterations in fragility 
produced by variations in Oj and CO^ 
content of blood were most marked in 
association with anemia. The more 
anemic the blood the less fragile the 


cells appeared. At least 2 factors may 
explain this alteration in fragility: va- 
riation in the amount of added plasma, 
and oxygenation. "Wlien a drop of 
blood is added to 1 cc. of saline solu- 
tion the effeetive salt concentration is 
raised because a certain amount of 
plasma of ionic concentration 150-166 
meq. per hter (about 0.90% NaCl) is 
added. The more tiie plasma contained 
in any di'op (as in “anemic” blood) the 
greater is tlie osmotically equivalent 
sodium chloride concentration of that 
drop and the higher the resulting salt 
concentration of tlie plasma-saline he- 
molytic mixture. The effect of the 
added plasma can be demonstrated by 
performing several fragility estimations 
on tlie same specimen of blood, em- 
ploying different quantities in each 
case. Increasing the amounts of blood 
added to equal volumes of saline in- 
creases tlie resistance to hemolysis. As 
for the oxygen-carbon dioxide relation- 
ships, tlie escape of carbon dioxide re- 
sults in a profound alteration in the 
plasma pH if COo is permitted to es- 
cape at tile same time. Tlie loss of COj 
is associated with an ionic shift which 
results in an osmotic loss of water. This 
loss of water and anions reduces the 
mean corpuscular volume, which be- 
comes reflected as an increased resist- 
ance to hypotonic hemolysis. 

Chemical differences at present un- 
recognized in different t}q)es of anemic 
red cells may also be responsible for 
differences in response to hemolytic so- 
lutions. The importance of chemical 
constitution is emphasized by the fact 
that in familial acholuric jaundice fol- 
lowing splenectomy red cell fragility 
may remain increased whereas thick- 
ness returns to normal. Observed red 
cell fragilitv is decreased in anemia, 
apart from any fundamental variation 
in cell size and shape. In performing 
fragility' estimations it is essential to 
consider the degree of anemia which 
may be present. 

All workers in the field are aware 
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that the current method of reporting 
hypotonic fragility as commencing at 
one dilution and being complete at an- 
other is far from satisfactory (Greed/ 
Dacie/) The points at which fragility 
is adjudged to start and finish depend 
on the care witli which traces of hemo- 
lysis, or of incompleteness, are sought 
for. Fur dier more, witliin these limits 
the curves which represent tire extent 
of hemolysis in the successively dimin- 
ishing strengtlis of saline are not neces- 
sarily equal or even similar with re- 
spect to different individuals, whether 
sick or well. 

In congenital hemolytic jaundice 
agreement is general tliat the red cells 
have a spherical shape, with mean cell 
diameter decreased, volume thickness 
index increased, and mean corpuscu- 
lar volume variable. In simple micro- 
cytic anemia tlie index is normal; in 
obstructive jaundice tire index is de- 
creased since the mean diameter is 
usually increased witliout a correspond- 
ing rise in mean corpuscular volume. 

Tliough microspherocytosis and in- 
creased fragility are the most constant 
features in congenital hemolytic jaun- 
dice, no one has proved a direct rela- 
tionship between these two phenomena. 
Haden'*' believes that the increased fra- 
gility is related to and dependent on 
the spherocj'tosis. There is a close re- 
lationship between the point of initial 
hemol)’sis and the volume-thickness in- 
dex. In the severe case of congenital 
hemolytic jaundice with a high vol- 
ume-thickness index and a marked ten- 
dency to a globular form, very little di- 
lution is jiossiblc before hemolysis be- 
gins. The cells in this disease may be 
regarded as nearer the hemolysis point 
by reason of their shape. 

In patients witli congenital hemolytic 
jaundice. Dameshek and Schwartz'®-'' 
studied the fragility in relation to red 
cell count, red cell size, and reticulo- 
cyte percentage. Tliey too noted a 
striking correlation between spherocy- 
tosis and increasing fragility in hypo- 


tonic salt solution. The red cells were 
unusually susceptible to hemolysis 
when the average diameter was re- 
duced and the average tliickness in- 
creased. With increasing cell diameter 
and diminishing cell thickness the cells’ 
resistance to hemolysis became more 
marked. When tliere was a “pseudo- 
macrocytic” blood picture witli reticu- 
locytes as the outstanding cells, the red 
cells were actually more resistant than 
normal. This spherocytosis is believed 
by Dameshek and Schwartz to indicate 
the presence of some hemolytic agent; 
the shape is more than an anatomic 
peculiarity. 

Dameshek and Schwartz®®-'’ studied 
the mechanism of hemolysis in three 
successive cases of acute non-familial 
hemolytic anemia associated with ac- 
tive serum isohemolysins in the circula- 
tion capable of hemolyzing red cells of 
their own type and of Group O. They 
also investigated the effects in guinea 
pigs of hemolytic serum prepared by 
injection of guinea pig red cells into 
rabbits. In both situations an out- 
standing feature was the development 
during the hemolytic phase of a large 
number of small thick red blood cells 
(spherocytes), possessing a greatly in- 
creased volume thickness index and 
increased fragility. In the experimen- 
tal hemolytic syndromes the number of 
spherocytes r-aried directly witli dos- 
age of hemolytic serum; i. e., the larger 
the dosage, the greater the number of 
spherocytes. Tlie nucleated red cells 
of the peripheral blood were always 
normal in size and nucleated micro- 
cytes were never encountered. Normal 
also were the red cell diameters of the 
most mature nucleated red cells in the 
bone marrow of animals dying with 
almost total microspherocytosis of the 
peripheral blood. 

Dameshek and Schwartz conclude 
tliat: (a) spherocytes are formed out- 
side of the bone marrow; (h) sphero- 
cytosis develops only in mature red 
cells; (c) a hemolytic agent such as is 
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present in hemolytic sera is responsible 
for their development. Doubt is cast 
on the idea that spherocytosis is 
pathognomonic for congenital hemoly- 
tic jaundice and indicative of an in- 
herited bone marrow defect. It is 
suggested tliat the exti'eme spherocy- 
tosis during crises in tliis disease may 
be due to tire sudden liberation of large 
amounts of hemolysin with resultant 
action upon the mature red ceils. 
Bessis® has described somewhat parallel 
observations in rats given injections of 
anti-rat red cell serum prepared by 
immunizing rabbits against rat red cells. 

Findlay^^ surveyed the literature 
dealing witli the resistance of the red 
cell in infancy and childhood to hypo- 
tonic solutions of saline and uncovered 
a great divergence of opinion. Some 
authors believe that the resistance of 
the red cell to hypotonic saline in tire 
fetus and newborn child is diminished 
in comparison witli what obtains in 
adult life; some believe tliere is no 
diflEerence in this respect; otliers hold 
that the resistance is normal at birth, 
increases during the JBrst few days of 
life to reach a maximum about tlie 
fourth day, and tlien gradually returns 
to die adult level. Findlay points out 
that hardly any 2 workers have em- 
ployed die same mediod and prac- 
tically all have failed to take into ac- 
count factors which are now generally 
admitted to have a critical influence 
on osmotic resistance. Using Creed’s 
technique in which CO 2 concentration 
and die relative amounts of cells and 
plasma are brought to a uniform lei'el, 
Findlay found die resistance of fetal 
blood to be slightly diminished and 
diat of the infant and child to be 
slighdy increased. 

This survey of recent contributions 
on the structure and osmotic behavior 
of red cells leads to at least one major 
Conclusion. The osmotic resistance test 
as a diagnostic aid iiill give maximum 
information only when the tiieori’’ and 
mechanisms are well imderstood by the 


user, and tiien only if die many tech- 
nical variables which can give rise to 
false positive readings have been kept 
under rigid conti'ol. 

Embryogenesis. A survey of red cell 
development in die human fetus has 
been assembled by Windle.-'® Forma- 
tion of red cells begins in the wall of 
die embryonic yolk sac shortl}^ after 
formation of die germ laj'ers, and con- 
tinues there until die second niondi. 
Blood formation begins to shift to die 
body mesenchyme and blood vessels 
at about die fifdi week. In the follow- 
ing week, die liver starts to produce 
red blood cells; it soon becomes the 
most active erythropoietic organ and 
remains so until midfetal life. Ery- 
thropoiesis is initiated in die spleen at 
die end of the second month, and in 
die bone marrow during die third 
niondi. The activities of the inrious 
organs overlap and most foci of 
erydiropoiesis are transient. Forma- 
tion of blood elements outside of die 
bone marrow ordinarily stops at birdi. 

Most investigators hold that the vari- 
ous blood elements arise from a com- 
mon ancestor, a generalized mother 
cell, often called a hematocyloblast or 
hemoblast. This is a large ameboid 
element resembling a large b^mphocyte. 
Differentiation of the red cells pro- 
ceeds dirougli proerydiroblasts, ery- 
throblasts, normoblasts and reticulo- 
cytes. Proerythroblasts show the first 
traces of hemoglobin in their cyto- 
plasm, and are the only “red” cells to 
develop in the first 6 weeks; after the 
diird mondi they are confined to the 
hematopoietic centers. Erythroplastids 
or true red cells arise from normoblasts 
by fragmentation and extrusion of their 
nuclei. They make their appearance 
as spherical forms in the liver at about 
2 months and become the predominant 
hemoglobin-containing clement of the 
blood during the third month of feta! 
life. 

At 3 months approximately 90>c oi 
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the red cells are reticulocytes. The 
proportion of reticulocytes diminishes 
rapidly to from 15 to 30^ at 6 months 
and to only 4 to 6 %> at birtli. About 
0.1% normoblasts are found at birtli; 
other types of nucleated cells are not 
normally present. 

The number of red cells in tlie cir- 
culating blood increases from less tlian 
400,000 per c. mm. at 5 weeks to ap- 
proximately 3.5 miUion per c. mm. at 
6 montlis. The amount of hemoglobin 
is 10 gm. per 100 c.c. of blood in the 
fourtli month of fetal hfe, increasing 
gradually to tlie birth level. 

Fetal red cells are larger than tliose 
of the infant after birth, and exhibit 
wide variations in size. The average 
diameter of corpuscles at 3 months 
gestation has been reported to be 9.2 
micra and at 6 montlis 8.1 micra in the 
dry state (smears). As the increase in 
the number of red cells during devel- 
opment of the fetus is much more 
prominent than the progressive de- 
crease in corpuscular size, hematocrit 
values rise as gestation proceeds toward 
term. 

The full-term fetus does not possess 
a polj'ci themia ascribable to tlie com- 
parative lack of oxygenation of its cir- 
culating blood. At tlie end of pre- 
natal life there are actually fewer red 
cells per unit volume of blood tlian in 
the adult. Fetal hemoglobin values at 
term are in excess of tliose encountered 
in die normal adult, associated Midi 
the larger size of red cells in the fetus 
than in the adult. Special anatomic 
and mechanical mechanisms enable the 
fetus to obtain oxygen with greater 
avidity in a placental environment of 
relatively low oxygen tension and with- 
out the necessity for developing an 
excessive number of red corpuscles. It 
seems probable that the stimulus to 
blood cell development in uterine life 
conics from intrinsic, perhaps hor- 
monal. growth factors, rather than in 
response to oxygen unsaturation. 

Gilmour’s’- detailed histologic exam- 


ination of normal hemopoiesis in intra- 
uterine and neonatal life is in accord 
with Windle’s general picture. 

During the differentiation of the ery- 
throblasts die nuclei show all gradua- 
tions of diminution in size, condensa- 
tion of cliromatin sti'ucture, and con- 
traction in size and number of nucleoli 
from that of the hemocytoblast, till 
eventually the nucleus becomes 
shrunken and pyknotic. The pyknotic 
nucleus is then extruded and the cell be- 
comes a mature red cell. Dm'ing early 
development, erythroblasts multiiily by 
mitotic division. In late development 
they probably do not multiply and 
those widi pyknotic nuclei certainly do 
not. 

The stage of development of die 
erythroblast at which visible hemo- 
globin appears varies, giving rise to 
the recognition of 2 routes of red cell 
formation. In one type hemoglo- 
bination is late and begins in small ery- 
diroblasts with pyknotic or almost 
pyknotic nuclei. This is termed nor- 
moblastic er}4liropoiesis. In the other 
type, hemoglobination occurs in larger 
erydiroblasts with larger nuclei having 
still a well-preserved nuclear structure. 
This is termed megaloblastic erytliro- 
poiesis. In early embryonic life normal 
erythropoiesis is entirely megaloblastic. 
In fetal life it is increasingly normo- 
blastic and decreasingly megoblastic. 
After die first 2 or 3 weeks of post- 
fetal life normal erythropoiesis is en- 
tirely normoblastic. 

In the series of early human embryos 
dscribed by Gilmour’- the erythroblasts 
were first detectable in a presomite 
embryo (2.5 mm.) within the blood 
islands of the yolk sac. Tliesc were 
megaloblasts derived directly from 
hemocytoblasts. With the establish- 
ment of the circulation the premature 
erythroblasts entered the embryonic 
vessels and continued to multiply there. 
With increasing age the number of 
early and intermediate premature ery- 
throblasts decreased and the late and 
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pyknotic late forms and megalocytes 
increased, accompanied by diminished 
multiplication. Mitotic division of prim- 
itive erythroblasts had ceased in the 
35 mm. embryo. In the 48 mm. em- 
bryo these cells were all in a late or 
pyknotic late stage. In older embryos 
no primitive erytiiroblasts were recog- 
nizable in the blood but primitive 
megalocytes undoubtedly persisted 
longer. In embroyos of 3 to 35 mm., 
multiplication and development of 
primitive erythroblasts continued in 
places in many connective tissues, the 
original cells having reached the tissues 
by hemoi'rhage. In the 35 mm. em- 
bryo most of these cells had developed 
into megalocytes and the erythroblasts 
were all late. Erythropoiesis appeared 
first in the 10 mm. embryo in the yolk 
sac vessels as groups of primary ery- 
throblasts and megaloblasts. Hemo- 
cytoblasts had appeared among the 
hepatic and yolk sac epithelial cells in 
the 10 mm. embryo but extravascular 
definitive erythropoiesis did not begin 
until the 12 mm. embryo and, in the 
yolk sac, till the 15.5 mm. embryo. In 
the liver it increased in amount and 
reached a maximum relative to paren- 
chyma in the 26 mm. embryo. The 
maximum persisted until in fetuses of 
200 to 457 mm. tliere was a progressive 
decrease to a slight amount which re- 
mained constant in fetuses of 470 mm. 
and more. In infants 5 or more days 
old such erythroj>oiesis was absent. In 
the spleen erytlmopoiesis in the pulj3 
and to a lesser degree in the sinuses 
began in the 70 mm. embryo and dis- 
appeared in infants over 5 days old. 
In tlie connective tissue of the marrow 
erythropoiesis first began in the clav- 
icle in the 57 mm. embryo and sub- 
sequently increased considerably in 
amount. In tlie blood megaloblasts 
were present in small numbers in the 
28 and 35 mm. embryos and were al- 
most as numerous as the primiti\'e 
erydiroblast in the 48 mm. embryos. 
In fetuses of 76 to 146 mm. tliere ^^’as 


exceptional erytliropoietic actiwty in 
the blood. After tlie IStli day of life 
erythropoeisis was confined to tlie 
marrow. 

Normal Values and Variations in In- 
fancy and Cliildhood, A number of 
careful studies are on record describing 
red cell counts in early infancy. The 
variations are great. The figures vary 
from tliose encountered in normal 
adults to average values as higli as 6.5 
milhon red corpuscles per c. mm. Indi- 
vidual counts greater than 7 million 
are not uncommon. Windle”® com- 
ments tliat tliese differences are too 
great to be accounted for as tlie basis 
of normal race or individual variations, 
and believes that they depend on dif- 
ferences in the sites and metliods of col- 
lecting. Authors seldom state whether 
tlie blood was drawn from infants al- 
lowed to retain their placental blood 
or from those deprived of it by imme- 
diate clamping of the umbilical cord 
at birtli, and seldom give the time in- 
terval elapsing since the moment of 
birtli. 

The number of red cells in a cubic 
millimeter of umbilical blood at the 
end of gestation, according to Windle, 
is lower tlian 1 hour after birth. Tlie 
average differences amounted to 1 mil- 
lion red cells in 25 infants whose cords 
were clamped immediately at birth, 
and to more than 1.5 million in 25 
whose cords were not clamped until 
placental blood had passed into the 
infants at birtli. Corresponding hemo- 
globin differences were encountered (3 
gm. in immediate clamping and 6 gm. 
in tlie delay group). It is doubtful that 
this sudden increase is due to a differ- 
ence between capillar}' and \enous 
blood, since blood obtained from the 
superior sagittal sinus (or jugular vein) 
and from tlie heel capillaries in 6 nor- 
mal infants .showed no significant dif- 
ference with respect to the number of 
red corpuscles. Postnatal dehj'dration 
seems an unlikely e.vplanation because 
tlie increase may take place in less than 
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half an hour. A possible cause is 
splenic contraction, with expulsion of 
stored red cells into circulation. 

Similarly, Findlay’^ studied 11 new- 
borns of var}'ing degrees of maturity 
in whom tlie hemoglobin and red cell 
concentrations increased after birth. 
The increase wtliin the first few hom's 
of life in botli hemoglobin and red 
cells varied from 13 to 70%, and in the 
hematocrit readings from 10 to 75%. 
Thus it umuld seem that there is a call 
for more oxygen carriers rather than 
for fewer during the critical neonatal 
periods. Findlay believes that tins 
phenomenon represents an increase in 
concentration of the blood, though the 
increase in concentration is much 
greater than what could occur from a 
dehydration taking place after birth. 
The loss of 1 pound (which would be 
an abnormally high figure and in any 
case u'ould be spread over 2 or 3 days) 
should effect a change in hemoconcen- 
tration of only 12%, whereas tlie in- 
crease actually observed during the 
first hours of life may be as great as 
70%. 

Do Marsh, Alt, and Windle'' clamped 
the umbilical cords as soon as possible 
after normal delivery witliout anes- 
thesia in one series of 25 healthy new- 
born infants; the elapsed time was 30 
seconds or less. In another 2.5 infants 
the cords were not clamped until the 
placentas had separated from the 
uterus, which usually occurred about 
10 minutes after delivery. The addi- 
tional amount of blood received by the 
baby from the placental vessels was 
measured in 10 instances and found to 
average 62 cc. Tlie average values for 
cord blood were 4.5 million red cells 
per c. mm. and 15.7 gm, of hemoglobin 
per 100 cc. These were approximately 
the same whether the cord was 
clamped e.arly nr late. Within 20 to 
75 minutes after birth the values in 
blood from the heel were much higher, 
as already described. Tlienceforth 
those infants whose cords were 
clamped immediately had significantly 


lower red counts and hemoglobin val- 
ues than those whose cords were 
clamped late. During the first week, 
the former group averaged 5.45 million 
red cells per c. mm. and 19.5 gm. of 
hemoglobin per 100 cc., whereas tlie 
latter group averaged 6.01 million red 
cells and 22.1 gm. of hemoglobin. 

Most observers have reported tlie 
reticulocyte count at birth to average 
about 4 to 6%, decreasing rapidly to 
less tlian 1% at tlie end of tlie first 
week. De Marsh, Alt and Windle” 
compared reticulocyte values in 6 in- 
fants whose cords were clamped im- 
mediately and in 6 whose cords were 
clamped after delay. When the cord 
was bed immediately, rebculocytes 
reached an ax'erage peak of 8.6% at 
24 hours and did not fall below 6% 
until tlie fifth day. Mdien tying of tlie 
cord was delayed, rebculocytes aver- 
aged only 5.8% at tlieir peak in 24 
hours and fell to 4% in 48 hours. A 
more active blood formation when the 
cord is clamped early than when it is 
clamped late is suggested by tlie higher 
and more sustained rise in reticulocytes 
in the former group. 

Deprivation- of tlie newborn infant 
of its placental blood may contribute to 
iron deficiency in infancy. The princi- 
pal iron reserve of the newborn infant 
lies in the circulating hemoglobin. 
Iron liberated during neonatal blood 
destruction is stored in the tissues and 
utilized as needed for hemoglobin 
formation. Tlie amount of iron lost 
to tlie newborn infant when 100 cc. of 
placental blood is prevented from 
reaching the child is 54 mg. This is 
enough iron to lower the hemoglobin 
in a 4 month old infant from 12 to 9.3 
gm. per 100 cc. of blood. It seems 
likely, therefore, that loss of placental 
blood may be important in predis- 
posing infants to anemia during the 
nur.sing period. 

Findlay^' criticizes the usual assump- 
tion that immediately after birth a 
hcmol>4ic destrucb’on of blood tak'’s 
place to correct for the greater amount 
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of oxygen provided by external respira- 
tion, with resulting jaundice. Findlay 
argues tliat expansion of the lung is 
not a sudden event with rapid avail- 
ability of the alveolar surface, but 
occurs gradually over several weeks. 
Fm-thernaore, following birth the child 
is deprived of the extra-medullary 
hemopoietic tissue on which it was 
chiefly dependent dm-ing fetal life. 
The newborn infant has need to con- 
serve its red cells, at least until respira- 
tion is fully established and medullary 
hemopoiesis is well under way. 

Since the drop in hemoglobin and 
red cell levels is more marked during 
the second than during the first week 
of life, it is unlikely that this drop plays 
the chief role in the production of 
icterus neonatorum which usually sets 
in on tlie second or tliird day of life. 
The fact that there is little or no dif- 
ference between the rates of fall in 
icteric and non-icteric infants rendei's 
such an association still less likely. In 
fact, studies on the blood of 20 new- 
born infants revealed a slightly greater 
fall in tlie total amounts of hemoglobin 
and red cells in those infants who 
failed to exhibit jaundice. 

Findlay found that one of the most 
marked alterations in the change-over 
from fetal to natal life was tlie diminu- 
tion in size of the red cell andits con- 
tent of hemoglobin, bnmediately after 
birtli diere occurs a marked diminution 
in botli mean corpuscular volume and 
mean corpuscular hemoglobin content, 
but no alteration in the mean corpus- 
cular hemoglobin concenti'ation. 

Parsons"® has compared the Price- 
Jones curves of premature and full term 
children. These are similar during the 
first few w'eeks of life, and show a 
niegalocjtic tjq^e of cur\'e with a 
greater degree of anisocyto.sis than oc- 
curs in older children or adults. In the 
second week of life the curves .show 
little change e.xcept that the mean dia- 
meter of the red cells increases a little. 
During the third and follovnng weeks, 
the cur^’-es of premature and full term 


children separate, tlie mean diameter 
of the red cells decreasing in tlie pre- 
mature children, and anisocytosis being 
more marked. The mean diameter of 
the red cells in premature children 
reaches its smallest figure at the age of 
S weeks. After the tentli week, a slow 
increase in the mean diameter occurs 
and anisocytosis slowly becomes less. 
In full term children the mean diameter 
of die red cells decreases in the fifdi 
week and remains about constant from 
the sixth week onwards and anisocj'to- 
sis becomes definitely less. Thereafter 
the curve approaches more and more 
the adult type. At about the eight- 
eenth to twentieth week the Price- 
Jones curves of premature and full 
term children become identical again. 

Guest, Brown and Wing'* have pre- 
sented data on the number, size and 
hemoglobin content of the red cells in 
615 infants and children ranging in age 
from birth to 5*74 j^ears. Of interest 
are their observations on mean red cell 
size. In 34 samples of blood from the 
umbilical cord die mean red cell size 
was 113 cubic microns. This fell im- 
mediately after birth. At 8 months 
the average value was 73 cubic microns 
and about 72 cubic microns in the first 
half of the second year. At about the 
age of 8 months, values below 70 cubic 
microns began to appear with increas- 
ing frequency. At 9 months the tend- 
ency toward lower I'alues was more 
lironounced. Microcytosis continued 
frequently through the second year. 
After the second year die scatter in die 
values for red cell size diminished 
rapidly. Average I'alues at 3 and 41^ 
years were 78 and 80 cubic microns 
respecdi'ely. 

As another example of recent studies 
of normal blood in infancy and child- 
hood. one may cite the data of Gil- 
mour.'" Tlie quandti’ of hemoglobin, 
the number of red blood cells, and the 
volume of packed cells were deter- 
mined in 533 children ranging in age 
from birth to 13 I’ears. Differences 
between bows and girls were not signifi- 
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cant. The highest mean hemoglobin 
value 17.14 ± 0.16 gm. was found in the 
blood of the cord. The lowest mean 
value, 11.14 ± 0.15 gm. occurred be- 
tween the ages of 2 and 4 montlis. 
Infants between tlie ages of 4 and 8 
months showed an increase to a mean 
of 12.29rh0.12 gm. Lower values wei-e 
again found in the period between die 
eighth and eighteenth month, with the 
low mean of 11.73±;0.11 gm. occurring 
betiveen the twelfth and eighteenth 
months. From die age of 18 months 
there was a gradual increase to die 
mean of 14.49 ± 0.09 gm. at 12 years, 
which is die approximate mean value 
for normal adults. 

From a mean of 4.88 ± 0.04 million 
]ier c. mm. in the blood of die cord the 
red cell count fell to a low mean of 
3.9±0.06 between the ages of 2 and 
4 months. There was a fairly steady 
increase from diis age period up to 
the age of 12 years when the mean is 
4.66 ± 0.02 million. 

Tlic mean value of packed cells of 
cord blood was 53.18±0.5 cc. per 100 
cc. of blood. The low mean of 34.18 ±i 
0.4 cc. appeared in the period between 
2 and 4 months. The mean was slightly 
higher between 4 and 8 months dian 
in the iieriod up to 18 months. After 
18 mondis die mean value showed a 
progressive rise to the mean of 43.15 ± 
0.19 cc. at 12 years. 

.•\s in other studies the large size of 
the red cells at birth and in the first 
days of life was noted. In corpuscular 
volumes the highest mean of 180.9 :± 
0..55 cubic microns appeared in the 
blood of the cord. Tlie large size iier- 
sisted through the first few days of life. 
Toward the end of the second month 
the cells were considerably smaller. 
Tlic decrease in corpuscular volume 
continued to the low mean of 85.3 dt 
0.3S cubic microns between the ages of 
12 and 18 months. .An increase in 
volume began after the 18th month 
and the mean for adults was approxi- 
mated in the third year. 


Washburn^® has paid particular at- 
tention to the postnatal adjustments, 
studying 15 healtliy infants during tlie 
first 10 to 18 weeks of hfe. As tlie 
total body mass increases rapidly— up 
to as much as 50% in 6 weeks or 100% 
in 14 weeks— a proportional increase in 
total blood volume presumably also 
occurs. To maintain die number of 
red cells per unit volume of blood at 
constant level the infant would have to 
manufacture new cells considerably 
faster dian ordinarily needed. Most 
infants show an abrupt drop in their 
reticulocyte count to from 0.2 to 0.8% 
postnatally. If the normal mainten- 
ance of the red cell level is reflected 
by the presence of about 0.8 to 1.2% 
reticulocytes, dien most infants are not 
manufacturing new cells fast enough to 
maintain a constant level of red cells 
even if there were no great increase 
in blood volume. As long as the body 
weight continues to rise and the reti- 
culocyte percentage to remain low, the 
red cell count, die volume of packed 
cells and the amount of hemoglobin 
must necessarily decrease. The more 
rapid the increase in total body mass, 
the more rapid the decrease in the 
number of cells per cubic millimeter 
of blood. Eventually the decreasing 
concentration of red cells and hemo- 
globin leads to stimulation of the hemo- 
poietic tissue, most simply conceived 
of as resulting from lack of oxygen. 
The decrease in the red cell count and 
level of hemoglobin evokes a rise in 
reticulocytes at the 5tli to Sth weel:. 
Tlie sharpness and persistence of the 
rise varies roughly noth the rapidity 
of weight gain and the speed of de- 
crease in red cell count. AAflien the 
number of red cells per cubic milli- 
meter of blood has reached an optimum 
level for the body economy, the reti- 
culocytes return to an approximate 
maintenance level of about 1%, the 
exact level depending upon the indi- 
vidual baby and e%'cn varying from 
time to time in the same infant. 
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“Rooming-in” is a term applied to a 
maternity hospital plan which permits 
newly bom infants and their mothers 
to room togetlier during tlie lying-in 
period. Such a natural arrangement 
is, of course, inherent in domiciliary 
obstetrics. Its features have tradition- 
ally been preserved in the planning and 
practices of maternity institutions 
abroad. In maternity hospitals in tins 
country, on the other hand, the pre- 
vailing practice has been to segregate 
the new born in common nurseries, 
from which they are taken to their 
mothers only at feeding times. The 
possibility that this uniquely American 
practice, presumably designed for ef- 
ficient handling of infants by assembly- 
line methods, might be overlooking 
some age-old instincts of mothers who 
want Uieir babies near them has been 
engaging the attention of pediatricians, 
obstetricians, and others. Several in- 
stitutions have recently begun to pro- 
wde rooming-in accommodations on 
cither an experimental or cstabh'shed 
basis. Tliese include tlie Cornelian 
Center in Detroit'', Tlie Grace Powell 
Hospital (Yale University) in New 
Haven'', the George Washington Uni- 
versity Hospital in Washington, D.C.,'^ 


tlie Department of Obstetrics at Jeffer- 
son Hospital, Pliiladelphia”, Perman- 
ente Hospital in Oakland, California", 
and a small hospital in Los Alamos, 
New Mexico^. The present review deals 
xvith some of tlie theoretical and clinical 
considerations appearing in the recent 
literatme on this subject. 

Theoretical. The psychological 
needs of infants have been emphasized 
by GeselP, Aldrich^ Frank' and otliers. 
TTie importance of having the newborn 
baby near its motlier for purposes of 
comfort, warmth, and satisfaction has 
been recognized. Early establishment 
of continuous and intimate relation- 
ship between mother and infant is re- 
garded as important for the acquisition 
of mutual confidence and freedom from 
tension. Such confidence is too often 
lacking under present conditions, when 
mother and baby confront each other 
as virtual strangers on their return home 
from a maternity institution. 

Early establishment of a natural feed- 
ing pattern is also regarded as impor- 
tant for the newborn infant. Such 
patterns have been found to vary 
widely among individual babies. Tliere 
is a growing tendency among pedia- 
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tricians to encourage tlie feeding or 
nursing of the newborn on the infant’s 
own “demand,” ratlier tlian to impose 
a rigid feeding schedule. Proponents'^ 
of “self-demand” feeding have found 
that when the plan is instituted early 
in the infant’s life, an individual and 
fairly regular feeding pattern or sched- 
ule is assumed by the infant witliin a 
period of 6 to 8 days. 

It is claimed that the rooming-in plan 
makes the satisfying of tlrese desirable 
aims feasible^®. 

Arrangement. Hospital Planning. 
The physical arrangements necessary 
for an institutional rooming-in plan may 
vary widely. Ideally, each modier 
should, as in domiciliary obstetiics, be 
quartered in her own room witli her 
infant’s bassinette near by. It is safe, 
however, to set up bedside bassinettes 
in fairly large lying-in wards, as ex- 
perience abroad has shown. But small 
units, accommodating not more than 6 
motliers, are preferred®. A prime re- 
quisite is adequate plumbing in the 
form of running water and, where pos- 
sible, toilet facilities, located witlun 
each unit for die exclusive use of its 
occupants. 

Organization of supplies for room- 
ing-in care may also vary widely. In 
general, it is advantageous to indi- 
vidualize such material for each patient, 
arranging it in equipment placed by 
her own bedside. 

Nursing Staff Organization. It has 
been found desirable to assign ninses 
to the combined care of small groups 
of modiers and their infants, rather 
than to di\ude tiieir obsteh'ic and pedi- 
atric responsibilities. For this, training 
and skill in bodi obstetric and pedi- 
atric nursing are ob\ioush' mandatory. 
It also goes vatiiout saj’ing that mature 
understanding and sympathy are as im- 
portant for die successful nur.sing direc- 
tion of a rooming-in enterprise as they 
are for any nursing acti\-it}'. 

Selection of Patients. At die present 


time, the best candidates for rooming- 
in are obviously those women who, 
having made die acquaintance of die 
principles and aims of die mediod, 
deske it. By and large, this has been 
found to include a majority of women 
so informed. It has been suggested 
diat die plan appeals most strongly to 
those women who have a natm'al ma- 
ternal desire to nurse dieir infants at 
die breast^ The patient’s and her 
family’s cooperation is requhed in as- 
senting to die sti'ict hniitation of visit- 
ing privileges deemed necessary for die 
safe operation of the plan in hospital 
practice. 

Visiting Privileges. Practice, bodi 
here and abroad has favored limita- 
tion of visitors to die husband exclu- 
sively. This limitation has been de- 
signed not only for die safety and 
comfort of die modier and infant, but 
also for die purpose of giving die 
husband an early acquaintance with 
his child, and enlisting his interest in 
participating in its care. 

Routine. The newborn infant may 
be placed in its bassinette at the 
modier’s bedside directly upon its ar- 
rival from the delivery room, or follow- 
ing a preliminary period of observation 
elsewhere. The nurse assigned to the 
modier and her infant is responsible 
for daily or periodic observations and 
attentions, diese including such pro- 
cedures as weighing die bab)-. taking 
its temperature and dressing the cord. 
The nurse’s responsibility includes in- 
doctrinating die mother in all of these 
procedures, as well as instructing her 
in how to feed die infant and change 
its diapers. The carrying out of all 
routines is transferred to the mother 
as soon as possible. 

'Die initial and subsequent examina- 
tions of the infant by die pediatrician 
are carried out in the presence of and 
for the instruction of die mother. 

Self-demand feeding is permitted 
and encouraged. Under natural cir- 
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cumstances the infant is put to breast 
early, and as often tliereafter as it 
seems hungry. Where additional or 
artificial feedings are indicated, pre- 
pared formulas are brought to the 
mother to feed to her' infant. 

Results. Institutions-’'’®’®'^^ in wliich 
the rooming-in plan has been under 
tiial report advantages for all con- 
cerned in the enterprise. 

For the infant, feeding and hygiene 
problems appear to have been more 
satisfactorily met under tliis plan tiran 
was possible in tire same institution 
under pre\nous plans. A higher inci- 
dence of breast feeding is said to have 
been encouraged, and a more satisfac- 
tory performance of tlris natimal func- 
tion attained. The incidence of infec- 
tion, botli dermal and enteric, has been 
reduced.^ 

For the motlier, it is claimed that 
the plan provides botli psychological® 
and iihysical benefits. Her instinctive 
desire to be near her infant, and to 
care for it. is satisfied. She gains an 
early confidence in her ability to pro- 
vide such care. Her rest is undis- 
turbed by unnecessary visitors. De- 
spite the company of other mothers 
and their infants in the same unit, her 
surroundings are restful, because the 
infants, being well fed, are quiet.” 

For tlie hospital administration and 
its nursing staff, it has been observed 
that rooming-in simplifies the problem 


of attending motliers and tlieir infants. 
Because tlie motliers are early entrusted 
witli much of tlie care of tlieir babies, 
demands upon tlie time and services 
of tlie nursing staff are reduced.” 
Curtailment of visitor traffic similarly 
and furtlier reduces demands upon 
nursing and administrative staffs. 

Comment. The reviewers venture 
tlie prediction that rooming-in will 
have a growing appeal for the prospec- 
tive mothers of this country. Those'® 
who have re-discovered its virtues have 
drawn attention to tlie neglect of some 
very homely, but very imjiortant values 
in tlie conduct of our maternity insti- 
tutions. It is to be expected tliat the 
subject, aheady introduced to tlie pub- 
hc by the lay press, will be further 
popularized. The resultant demands 
upon our maternity hospitals may then 
be widespread, inasmuch as over tliree- 
fourtlis of tlie birtlis in tliis country 
now occur in such hospitals.” More- 
over, the demands may entail structural 
alterations in many hospitals. These 
cannot be evaded by recommending 
a return to domiciliary obstetrics, inas- 
much as tlie present preference for in- 
stitutional obstetric services has, in 
itself, been mainly the result of eco- 
nomic pressures. Rooming-in, there- 
fore, is a subject which is likely to re- 
quire more serious attention than its 
simple and homely connotations would 
suggest. 
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The Effect of Adrenalectomy on the 
Blood Pressure of Rats Subjected to 
Auditory Stimulation, S. McDonald 
McCann, M.D., Alan B. Rothballek, 
M.D., Eleanor H. Yeakel, Ph.D., 
and Henry A. Shenkin, M. D. (Har- 
rison Dept, of Surg. Research, Univ. of 
Penna., and the Wistar Institute of 
Anatomy.) It has been shown in pre- 
vious experiments that the majority 
of rats subjected to prolonged audi- 
tory stimulation develops an elevation 
of blood pressure. It seemed possible 
that the experimental pi'ocedure con- 
stituted a chronically alarming stim- 
ulus and produced the increase in 
blood pressure tlirough a pituitary- 
adrenal cortex mechanism. As a step 
toward testing this hypothesis, 7 rats 
made hypertensive by prolonged air- 
blasting and a group of 4 control ani- 
mals were subjected to adrenalectomy 
and subsequent replacement tlierapy. 
Air-blasting of the experimental ani- 
mals was continued to prevent a fall 
of blood pressure from cessation of tlie 
auditory stimulus and blood pressures 
were taken frequently by tlie tail ple- 
thysmograph method tliroughout the 
experiment. Following adrenalectomy 
all the animals were maintained on 
1% sodium chloride in tlie drinking 
u'ater until their pressures had sta- 
bilized at a low le\'el. Then restora- 
tion therap)' consisting of 1 cc. of cor- 
tical extract (Eschatin) inti’amuscularly 
per day per animal was instituted. Be- 
fore adrenalectomy the average blood 
pressure of tlie e.Yperimental animals 
was 162 mm. and diat of the controls 
125 mm. of Hg. On removal of tlie 
adrenals the blood pressures of the 
experimentals and controls fell to sub- 


normal levels, ie., 108 and 97 mm. of 
Hg. respectively. Cortical extract ad- 
ministration was followed by a rise of 
blood pressure to 125 mm. in the ex- 
perimental animals and to 112 mm. in 
the conti'ols. Thus it can be seen tliat 
the blood pressures of both groups of 
animals dropped to subnormal levels 
following adrenalectomy. Restoration 
therapy raised tlie blood pressures of 
tlie animals to approximately normal 
levels, but in no instance was the ele- 
vated blood pressure of the rats be- 
ing air-blasted restored. These results 
are statistically significant. It is sug- 
gested that tlie adrenal cortex medi- 
ated the elevation of blood pressure 
occurring during prolonged auditor)' 
stimulation. 

Experimental Differenliah'on of 
Pathogenesis of Serum Sickness, Glo- 
merular Nepliritis, Rheumatic Fever, 
and Periarteritis Nodosa. William E. 
Ehrich, M.D., Carolyn Forman, 
M.D., and Joseph Seifter. M.D. 
(Univ. of Penna. Dept. Grad. Path., 
Phila. Gen. Hosp., and Wyeth Inst.) 
Rabbits received 1 or 2 intravenous 
injech'ons of 10 cc. of horse serum per 
kilo and were sacrificed after various 
intervals from 3 to 34 days following 
tlie first injection. A single injection 
regularly caused round-cellular infil- 
tration and proliferation especially in 
heart and lungs closely resembling the 
lesion in human serum sickness. As 
they were present 3 days after injec- 
tion. tlie}' were inteqireted as direct in 
nature. Of die animals killed after 14 
days, 44G reiealed a proliferative 
arteritis showing all the allergic quali- 
ties recentlv described by Goddard. 
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This lesion was interpreted as a de- 
layed or subacute Arthus phenomenon 
due to an antigen-antibody reaction 
during the process of fixation of anti- 
body while antigen was still in circu- 
lation. This reaction closely resem- 
bled the lesion of human rheumatic 
fever. Of the animals killed after a 
second injection, 50^ revealed a nec- 
roHzing arteritis, i.e., an acute Arthus 
phenomenon due to a sudden reaction 
of large quantities of antigen witli 
abundant antibody previously fixed in 
tlie vascular tissue. This lesion was the 
same as that of human periarteritis. 
There were also at least 2 tj'pes of 
glomerulonephritis, namely an extra- 
capillary one brought about by an 
acute allergic reaction and occurring 
only after a second injection, and an 
intracapillary one, which in our ani- 
mals was seen only 14 days after a 
single injection and therefore should 
be explained at least in part by a sub- 
acute allergic reaction. However, 
Ilawn and Janeway saw it in a con- 
siderable number of animals 7 days 
after a single injection. Tliis observa- 
tion suggests that there may be a di- 
rect glomerulonephritis as well. 

\ Rationale of Salicylate Treatment 
of Experimental Serum Sickness. 
('\ROLYx Form.\x, M.D., .Joseph Seif- 
lER. M.D., and William E. Ehrich, 
M.D. (Univ. of Penna. Dept. Grad. 
Path., Phila. Gen. Hosp. and Wyeth 
Inst.) Though the effectiveness of 
massive doses of salicylates in rheu- 
matic fever has not been established, 
it is agreed that they arc toxic and 
they suppress blood coagulation, blood 
sedimentation and antibody titration. 
.‘\s human material doesn’t lend itself 
to an investitiation of this problem, 
rabbits were civen serum disease, and 
some rabbits were subjected to sali- 
cylate treatment. Others received a 
drug that interfered with blood coagu- 
lation fdiconmarol). .As the toxic ef- 
fect and the suppression of antibodv 


titration suggested an alarm reaction, 
i.e., destruction of antibody forming 
lymphoid cells, a last series of rabbits 
receiv'ed colchicine. It was found that 
the rabbits tolerated a salicylate level 
of only 200 to 300 gamma per cc. 
This did not produce significant sup- 
pression of precipitin titration or any 
of the tissue changes induced by horse 
serum, but it caused interference witli 
coagulation and a significant depres- 
sion of the weight of the thymus show- 
ing that 200 to 300 gamma per cc. in 
rabbits have an alarm reacting effect. 
Dicoumarol interfered with coagula- 
tion and produced a considerable de- 
pression of precipitin titration, but did 
not depress the lymphoid tissues or 
any of tire cellular reactions induced 
b}' horse serum. Colchicine finally 
caused marked depression of the 
weight of the thymus as well as of 
precipitin titration, and it also abol- 
ished the subacute allergic arteritis 
which is generall)’’ believed to be tlie 
e.xperimental equivalent of tlie lesion 
of human rheumatic fever. 'These ob- 
servations seem to show that the mas- 
sive doses of sahcylates used in rheu- 
matic fever have an alarm reacting ef- 
fect, and that the development of al- 
lergic arteritis may be suppressed, if 
a treatment that destroys lymphatic 
ti.ssue is applied during the period of 
antibody formation preceding the anti- 
gen-antibody reaction that causes the 
arteritis. 

Retinal Action Potentials of Photo- 
receptor Cells and the Discharge of 
Neri'c Impulses in Their Axoncs. 
II. K. Hartlixe, M.D. (Johnson Re- 
search Foundation, Univ. of Penna.) 
.Single ommatidia, containing 10 to 15 
retinula cells with ’/imm of their at- 
tached axones, were isolated in the 
compound eye of Limvhta. An oscillo- 
graph and D.C. amplifier were used 
to record the slow changes in electrical 
notenfial between one electrode placed 
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BOOK REVIEWS AND NOTICES 


Hokmones and Behavior. By Frank A. 

Beach, Prof, of Psychologjs Yale Univ. 

Pp. 368. New York: Paul B. Hoeber, 

1948. Price, S6.50. 

This book represents an effort to evaluate, 
in various plij'la including man, the influ- 
ence of endocrine function upon behavior, 
in the light of experimental evidence. The 
literature is extensively reviewed (approxi- 
mately 750 references), but the conclusions 
quoted are sometimes so conflicting that the 
general effect upon the reader is often one of 
slight bewilderment. The behainoral re- 
sponses examined in the 14 chapters include 
those related to se.xual and parental func- 
tions, migration, general locomotor actiidty, 
learning and territorj* defense. The stjde 
is wordy and is not conducive to easj' read- 
ing; .simple and obvious points are often 
bclaiiorcd— ‘Tt is obvious that much of an 
animal’s liehavior depends upon the posses- 
sion of a normal complement of organs and 
organ .sy.stems, well constructed and func- 
tionally cfiicient effector and receptor mecha- 
nisms, the attainment of normal growth, 
etc." (Page 255.) The book will probably 
Im of infcrc.«t cliicfly to students of psy- 
cliology. E. R. 


Hl.oon pRES.SUKE AND IT6 DISORDERS, 
Includino .tVngina Pectoris. By .John 
Pi.EscH, M.D., formerly Prof, of Internal 
Medicine, Univ. of Berlin. 2nd cd. Pp. 
307; 125 figs. Balt.: Williams A Wilkins, 
1947. Price, SG.OO. 

Tm.s Iwok repre.^ents nearly .50 years of 
Work, study and thought by the author in 
the genera! field of circulation. It is re- 
.'-triefed, as he state-, to tho-e matters of 
which he has j>ersonal exjierienee, and is 
not n review. A method for graphically 
recording the blood pres-ure is given in 
detail, along with a careful analysis of the 
pre-mned significance of the recores so ol)- 
tained. Ind'-csl, herein lie- the chief aj)i)ea! 
to the student and invc-tig.ator, who will 
find much that is stimulating. However, 
the reader i-' urdikely to agree with the 
author on all points, .and the lack of corrcl.a- 


tion with more modern studies is undoubt- 
edly a weakness. The bibliography is not 
large, and contains more references prior to 
1920 than since that year. The book is 
recommended for libraries and for advanced 
students who already have some knowledge 
of the field. J. G. 


The Rh Factor in the Clinic and the 
Laboratory. Edited by Joseph M. Hill, 
M.D., and William Dameshek, M.D. Spe- 
cial issue No. 2 of Blood, The Journal of 
Hematolog)'. Pp. 192; 25 ills. New York; 
Grune & Stratton, 1948. Price, $4.25. 

This volume comprises 13 presentations 
with group discussions and a preface hj' the 
senior editor. These papers were presented at 
the Dallas-Me.vico City Rh Conference of 
November, 1946. The sjTnposium concerns va- 
rious aspects of the Rh factor, including an 
excellent "Survey” by Philip Levine, discus- 
sion of "Rh Genotypes” by R. R. Race 
(London), a review of "Hemolytic Mecha- 
nisms" by Dameshek, "Variations in Eiythro- 
hlaslosis Fetalis” by Bnicc Chown (Mani- 
tob.a), .and “Treatment of Erythroblastosis 
Fetalis" by Harry Wallerslein. The volume 
is a useful historical document and reference 
source for specialists and students in this im- 
portant, complex field. T. F., Jr. 


Tuk.xt.ment of Some Chronic and 'Tn- 
cur-irle” Dlseases. By A. T. Todd, 
O.B.E., M.B. (Edin.), M.R.C.P. (Lond.). 
2ndcd. Pp..324. Balt.: William.s & Wil- 
kins, 1947. Price, -$7.00. 

Thi.s hook contains a few useful itle.as, 
but it i.s difficult to .‘••eparatc them from tlic 
theorie.s, sjieeulatioiis and opinions of tiic 
author. It is hard to believe that he can 
cure such conditions as diabcte.s mcIhTD°» 
epilepsy, asthma, hyjx'rtbyroidism, oonsti- 
p.ation, colitis, arthritis and a host of other 
condition- hy correcting the underlying dis- 
turhances, which .almost invariably turn out 
to be ethmoid infection, duoilennl infection 
and hepatic dysfunction. ff- 
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Physics for the Anesthetist. R, R. 
Mackintosh, M.A., M.D., F.R.C.S., 
D.A., Nuffield Prof, of Anassthetics, Ox- 
ford, and W. W. Mdskin, M.A., M.B., 
B.S., D.A. Pp. 235; 431 ills. Springfield, 
111.; Charles C Thomas, 1947. Price, 
S7.50. 

The authors have gathered together in 
this small volume “such applications of 
physics to anesthetics as we meet with 
during routine work.” The occasional over- 
simplification in presentation can be ex- 
cused because of the purpose of the book, 
namely to “supply answers to straightfor- 
ward questions.” 

The text is lucidly written, cleverly illus- 
trated, and the format is attractive. It 
should form a valuable addition to an 
anesthetist’s library. R. D. 


Recent Advances in Sex and Reproduc- 
tive Physiology. By J. M. Robson, 
M.D., D.Sc. (Leeds), F.R.S.E., Reade-i 
in Pharmacology, Guy’s Hospital Medical 
School, Univ. of London. 3rd ed. Pp. 
336; 69 ills. Phila.: Blakiston, 1948. 
Price, $5.75. 

This edition deals more with the current 
physiologic concepts of sex and reproduction 
than with clinical considerations. Major 
emphasis is placed upon the female repro- 
ductive system. The general metabolic 
effects of the sex hormones receive little 
attention. The book will be of more inter- 
est to students than to practitioners. 

E. R. 


Calcific Disease of the Aortic Valve. By 
Howard T. Karsner, M.D., and Simon 
Koletsky, M.D. Pp. Ill; 24 ills. Phila.: 
J. B. Lippincott, 1947. Price, $5.00. 

This monograph presents a survey of cal- 
cific disease of tlie aortic valve. The authors’ 
stated purpose is to determine whether this 
disease is of inflammatory or degenerative 
origin; they conclude tliat, wntli onl)’ rare ex- 
ceptions, it is tlie result of rheumatic cardiac 
disease. The te.vt is Leas'}' ndtli much statistical 
analj'sis, which is better understood as pre- 
sented in 35 Tables. Pathologic.al anatomy is 
discussed in detail, with tlie aid of some good 
illustrations. This work will primarily interest 
pathologists or reasearch workers in cardiac 
disease. Ilowewr, clinicians niiglit profit from 
the chapters on Clinical Features and Sum- 
Riar\’, which comprise about the last third of 
the 'book. H. Z. 


Stereoscopic Atlas of Neuro-anatomy. By 
H. S. Rubinstein, M.D., Ph.D., Director, Al- 
fred Ullman Laboratory for Neuro-Psychi- 
atric Research, Sinai Hospital, Baltimore, 
and C. L. Davis, M.D., Prof, of Anatomy, 
School of JSledicine, Univ. of Marjdand. 
Pp. 20; 43 ills. New York: Grune & Strat- 
ton, 1947. Price, $10.00. 

The plates of the atlas are printed on 
separate stiff cards measuring 7 by 9 inches. 
On the lower part of each card are hvo 
photos side by side, which are to be viewed 
through an ordinarj' stereoscopic viewer. On 
the upper part of each card is a labeled dia- 
gram e.vplanatoiy of the pictures below. 
Accompanying the plates is a pamphlet that 
gives an outline of the methods of dissection 
of the brain used in displan’ng tlie struc- 
tures shown on the plates. Tlie plates and 
pamphlet are contained in a cardboard box. 

The first 5 plates show developmental 
stages and are followed by 3 plates of menin- 
ges and 4 of external views. The deeper dis- 
sections shoMm in the last dozen plates arc 
the most interesting since they display the 
skillfulness of the dissector. The autliors ha\'e 
their students use tlie plates as tlie actual 
dissection proceeds and later the students use 
the plates for reference to earlier stages of tlie 
dissection which have been destroyed in tlie 
furtlier course of the dissection. For anyone 
having some first-hand acquaintance with the 
human brain the method has great merits. 

It allows tlie repetition and review which 
are so important in acquiring a lasting knowl- 
edge of brain structure. At any time, with 
these plates, one can quickl}' refresh one’s 
memor}' without the necessity of specimens. 
Also the study of tlicse plates may e.xcite in- 
terest in the viewer to make dissections for 
himself. W. A. 


A Textbook of Bacteriology. By 
Thurm.yn B. Rice, .V.M., M.D., Prof, of 
Bacteriologj’ and Public Health, Indiaim 
Univ. School of Medicine. 4fh^ed. Pp. 
603; 126 ills. Phila, and London: W. B. 
Saunders, 1947. Price, .?6..50. 

As compared witli the prcvioii.s edition, 
this one Im-s an increa.«e of 43 p.'iges; 2 new 
chapters, 1 on antigens and antibodic.', and 
the other dealing with chemotherapeutic 
and antibiotic agents; and 1 additional minor 
section in the Appendix de.aling witli the 
classification of microorganisms. The suli- 
ject matter is quite similar cxcejit for the 
occasional addition of new material in the 
more recent edition. H. M, 
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NEW BOOKS 

Skeletal Tuheratlosis. By Vicente Sanchis- 
OL^^os, M.D., Ass’t Director, Instituto Na- 
cional de Reeducacion de Invalidos de 
Carabanchi Bajo, Madrid. Translated by 
John G. Kuhns, M.D., Pp. 261; 104 ills. 
Balt.: Williams & Wilkins, 1948. Price, 
.?5.00. 

The Epithelia of 'Womans Reproductive Or- 
gans. By George N. Papanicolaou, M.D., 
Ph.D., Prof, of Glinical Anatomy, Cornell 
Univ. Medical College, Herbert F. Traut, 
M.D., Prof, of Obstetrics and Gynecology, 
Univ. of California Medical School, and 
Andrew A. Marchetti, M.D., Assoc. Prof, 
of Obstetrics and Gjnecology, Cornell Univ. 
Medical College. Pp. 53; 24 ills. New York: 
The Commonwealth Fund, 1948. Price, 
$ 10 . 00 . 

Medicolegal Problems. Edited by Samuel A. 
LE^TNsoN, M.D., Ph.D., Univ. of Illinois 
College of Medicine, for The Committees 
of the Institute of Medicine and the Chi- 
cago Bar Association. Pp. 253; 6 ills. Phila.: 
J. B. Lippincott, 1948. Price, S3.00. 

Atlas of Plastic Surgery. By Morton I. Ber- 
soN, M.D., Formerly Director Department 
of Plastic and Reconstructive Surgery, 
Downtown Hospital and Pan-American 
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